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The TOTEM experiment at the LHC has performed the first lumsitysindependent measure-
ments of the total proton-proton cross-section/&= 7 TeV and 8 TeV. These measurements
are based on the optical theorem and require simultaneoasuraments of the elastic rate by
measuring the outgoing protons with Roman Pots and of tHastie rate, accomplished with the
forward charged-particle telescopes T1 and T2 in the rangje<3n| < 6.5. TOTEM has also
determined the total pp cross-section using the CMS lunitipnaseasurement in various ways
and the results were found in excellent agreement with thiriasity-independent measurement,
despite having very different systematic dependenciesrebler, since TOTEM is capable to
detect inelastic events with diffractive masses down toGe¥, a limit on the cross section for
low mass diffraction was set from the difference betweerotrezall inelastic cross section (mea-
sured only using elastic scattering) and visible inelastiss section (measured using T1 and T2).
The differential elastic cross section has been measuridgirange 5102 < [t| < 2.5 Ge\? for

pp collisions at the center of mass energy of 7 TeV and dowj| te0.01 Ge\? for collisions

at 8 TeV. The measurement of the forward charged partjetiensity has been performed at 7
TeV in the range 5.3 |n| <6.4. This measurement constitutes the most forward psapabty
density measurement ever obtained at LHC. This analysisdsrapeated at 8 TeV by using a
dedicated run taken with a common CMS/TOTEM trigger. A sumynedithese measurements is
here reported, as well as the preliminary results on singtedouble diffractive cross section.
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1. The TOTEM experiment

The TOTEM Experiment at the LHC [1] is designed to measuredta proton-proton cross-
section @iqt) with a precision down to 1-2%, to study the differentialstiacross sectiordipy /dt)
over a wide range of the squared four-momentum transfer@anthke measurements on diffractive
processes, partially in cooperation with the CMS experinigh The experimental apparatus is
sketched in fig. 1.
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Figure 1. Top: the T1 and T2 telescopes in the forward region of CMStdot the Roman Pots location
along the LHC beam-line. All TOTEM detectors are installgthsetrically with respect to the IP 5.

To achieve optimum forward coverage for charged particieited by the pp collisions in the
interaction point IP5, two tracking telescopes, T1 and Becing respectively the pseudorapidity
range 3.1< |n| < 4.7 and 5.3< |n| < 6.5, are installed on each side. Special movable beam-pipe
insertions - called Roman Pots (RP) - are placed at distasfce$47 m and~220 m from IP5 and
allow the measurement of the leading proton coming fronralifive or elastic interactions.

2. Total, elastic and inelastic pp cross section

TOTEM performed a first measurement afgl/dt at\/S=7 TeV in the 0.36 <t| < 2.5 Ge\?
range using data taken in 2010 with the standard LHC opfi¢s< 3.5 m), during a dedicated
run at low luminosity [3]. In June 2011, with a dedicated beaptics configuration §* = 90
m) and low luminosity, the elastic scattering raiy § was measured down tt = 2- 10~? Ge\?
[4], with ~ 67% of the full elastic rate detected. With the use of theaatiheorem, the CMS
luminosity (¢, known with 4% uncertainty) and theparameter estimated by the COMPETE [6]

1p = O|fg(0)|/0] f (0)|, wherefg (0) is the forward nuclear elastic amplitude.
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collaboration, the elastic and total cross section wasohted:

o2, = 16m(fic)® 1 dNg
1+p2 2 dt |,

2.1)

The analysis was also repeated with a low luminosity ruéi‘at 90 m taken in October 2011
where even smallgt| values, down to B10 3 GeVZ, were measured. This enabled the observation
of 91% of gy, allowing an improved extrapolation to the optical poing [5

The TOTEM differential elastic cross-section measurement,/s =7 TeV are reported in
figure 2, where the analysis results obtained in three @ifferuns andt|-intervals, are shown.
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Figure 2: Elastic|t|-differential cross section afs=7 TeV.

For |t| < 0.2 Ge\? the data can be described very well by an exponential fumatith slope
B = 19.94 0.3 Ge\2. The diffractive minimum was found f,| = 0.534+0.01 Ge\2. B and
[tmin| @re found to be respectively larger and smaller with respethe values obtained from the
elastic scattering measurements at lower-energy. Thergfith the increase of the center of mass
energy the "shrinkage of the diffractive peak in elastic pfision” was confirmed by TOTEM. In
the [t|-range 1.5 - 2.0 Ge¥day /dt can be described by a power ld" with n = —7.840.3. The
luminosity-dependent total, elastic and inelastic cra=sgisn, obtained by measuring the elastic
rate only, were found to be [5]:

Ot =986+22mb 09 =254+11mb Gy =732+1.3mb (2.2)

With the same data as in [5;,g Was also directly measured using inelastic events trighere
by the T2 telescope, with the luminosity provided by CMS [Fhe inelastic cross section visible
to T2 was found to be 69.78 2.88 mb. From the study of a sample triggered on bunch crgssin
the contribution of the T1 telescope to the inelastic rate alao determined. The cross-section for
inelastic events with at least ofg| <6.5 final-state particle was determined to be 76.8.9 mb.
This cross-section includes all central diffractive egeoit which maximally 0.25 mb is estimated
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to escape the detection of the telescopes. The T1+T2 tplesa@re expected to be sensitive to
diffractive masses larger than 3.4 GeV. Based on model®voniass diffraction, the total inelastic
cross-section was deduced to be 733B.4 mb. An upper limit of 6.31 mb at 95% confidence
level on the cross-section for events with diffractive nessselow 3.4 GeV was obtained from the
difference between the overall inelastic cross-sectidminbd by TOTEM using elastic scattering
[5] and the cross-section for inelastic events with at leastn | < 6.5 final-state particle. By using
the optical theorem the luminosity of the run used for theihosity-independent measurement of
the cross sections [8] was determined:

B 1+ p? . (Ng + Nipgt )?
N 16m(hc)2  dNg /dt|i—o

Lint (2.3)
The value estimated by TOTEM (837 3.2 ub~1) was in good agreement with the one provided
by CMS (82.8+ 3.3 ub™1). The measurement of the luminosity independent totalscsestion
was obtained from the relation:

O — 167T(HC)2 ' dNg /dt|i—o
1+ p2 Ng + Ning
whereNg andNing represent respectively the elastic and inelastic rategiated over a given
data taking period. The total, elastic and inelastic lursitysindependent cross section were found
to be[8]:

(2.4)

Ot =980+£25mb 09 =251+11mb Gjng =729+15mb (2.5)

The errors on th@g measurement are dominated by the uncertainties on thepeldteon to
t = 0 while theaing leading uncertainty is due to the correction for the contidn from low mass
diffraction.

Using the same analysis procedures, the cross sectionsalgerdetermined at 8 TeV [9], in
a low luminosity run with3* = 90 m where the elastic protdh| was measured down ttyn| =
10-2GeV2. The luminosity independent results are:

Ot =10174+£29mb o0y =27.1+14mb Gjng =747+1.7mb (2.6)

The cross section measurements at 7 and 8 TeV, in good agneavite the COMPETE ex-
trapolation, are summarised in fig. 3 (left). The right pdifig. 3 reports a comparison of the cross
sections measurements @b = 7TeV obtained with the different analysis methods [8]:(Ih2)
the optical theorem, the luminosity from CMS apdrom the COMPETE fit were used, for two
runs with different instantaneous luminosity and différposition of minimum approach of the
RPs to the beam; if8) a p independent measurement was performed, using the lurtyrfosn
CMS and the relatiomio; = 0 + Ting; In (4) the cross sections were evaluated with the luminos-
ity independent method. It is important to remind that arstaand total cross section analysis
at 8 TeV is also ongoing based on a low luminosity run with= 1 km where the elastic proton
t| was measured down titi,| = 6-107*GeV? and a detailed study on the Hadronic/Coulomb
interference is performed.
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Measurements at 1/s = 7 TeV
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Figure 3: Left: measurement of the luminosity-independet, dy, Ting at+/s=7 and 8 TeV. Measure-
ment from cosmic rays, other LHC experiments and lower gndega are also superimposed together with
the best fits from the COMPETE collaboration [6]. Right: caripon of the TOTEM measuremeti,

Jd, Oing Obtained with different analysis methods (see text for nuatails).

3. Single-diffractive and double-diffractive cross sections

Preliminary measurements of the double and single diffraatross section were obtained
by using low pile-up runs at 7 TeV. The double diffractive s3section was obtained from a run
triggered with T2, requiring at least one track in both T2 legheres and no tracks in T1.

The measurement is corrected in order to be representativeofible diffractive events with
central rapidity gap starting from 4.7%lin+|<6.5. This corresponds to the the cross section for
DD events where both diffractive systems have masses bet8ideand 8 GeV.

The non diffractive (ND) background was estimated by sgalive MC predictions according
to a control sample from data dominated by ND (both sides aifidl T2 detectors with tracks). The
single diffractive (SD) background was estimated compfdtem the data using a SD dominated
control sample (tracks in one T2 hemisphere, veto for trackise other T2 hemisphere and in T1),
with a proton in the RPs. The double diffractive cross sectvas found to b&pp 4.7« nn. |<6.5) =
120+ 25ub. The measurement was also repeated requiring smalleliisagaps. The results are
reported in table 1.

The single diffractive cross section measurement was édain a high3* = 90 m run trig-
gered with T2, requiring only 1 proton in the RPs. Dependimgtioe different configurations
of the inelastic telescopes, different diffractive massges can be selected (see table 2). The
|t|-differential diffractive cross sections was also meaddace the different mass ranges. The dis-
tributions have been fitted with an exponentiakxp(—BJt|). The B parameter was found to be
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Table 1: Double diffraction cross sections for different sizes of trentral rapidity gap.

—4.7 > Npin— > —59 | =5.9> nNpin- > —6.5
4.7 < Nmine < 5.9 | 66+ 19 ub 27+5ub
59 < Nminy <6.5| 28+5ub 12+ 4 ub

Table 2: Single diffraction measurements for different ranges efdfifractive mass (“opposite” refers to the
side of the IP with respect to the proton in the RP). The SDssextion numbers contain two contributions:
the leading proton can be reconstructed both in the left trérright side of the IP.

SD class Inelastic telescopes configuration Mass ogp (£20%) B E15%)
Low Mass p + T2 opposite only (no T1) 3.4-8GeV 1.8 mb 10.1
Medium Mass  p + T2 opposite + T1 opposite 8 - 350 GeV 3.3mb 8.5
High Mass p + T2 opposite + T1 same 0.35-1.1TeV 1.4mb 6.8

larger for smaller diffractive masses. Integrating eadiritiution down ta =0, the cross section
was also determined for each single diffractive mass caye@@p). The values oB andog, are
reported in table 2.

An optimal measurement of the diffractive mass (M) is achkitfor low and medium masses
using the estimation of the rapidity gdyp] based on the charged track position in T1 and T2
(An =-In(M?/s), wheresis the Mandelstam variable). At high masses the prdt@ﬂA—pp measured
by the RPs was instead used to determine the ma$s=(§).

4. Forward multiplicities

A preliminary measurement of the charged particle pseymdity density (dN/dy) in T2 was
obtained for inelastic events by using a low-luminosity aiR/s= 8 TeV. The analysis is similar
to the one implemented for the measurement at 7 TeV [10],igespveral improvements in the
event selection, detector simulation and alignment wereduced. Now that the TOTEM trigger
signal is able to go into the CMS trigger menu, the T2 minimuaslirigger was used also to
trigger the readout of CMS and a simultaneous measuremettieodiN/d; on the same events
was performed both in the CMS central trackir|(< 2.4) and in the very forward pseudorapidity
region with T2 (5.3< |n| < 6.4) [11, 12]. The measurement is obtained for an “inclusivelastic
sample of events, where at least a reconstructed track is T&juired. The measurement is then
corrected in order to be representative for inelastic es/eiith at least a charged particle generated
in the T2n-acceptance witl?r >40 MeV/c. This selection guarantees that a fractio84% of
the inelastic events is included in the sample. The psepibta density measurement is also
repeated for a non-single-diffractive enhanced sampleavbeth side of T2 was required to have
some tracks reconstructed. This measurement is then tedréc order to be representative for
inelastic events with at least a charged particle geneiatedch side of the T9-acceptance, with
Pr >40 MeV/c. A measurement of the charged particle dNfdr a single-diffactive enhanced
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sample is also ongoing. The results of the CMS and TOTEM gNddalysis obtained with the
inclusive sample, are reported in fig. 4.
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Figure 4: Charged particle dN#gl obtained with a common CMS-TOTEM trigger. The measurement i
representative of inelastic events with at least a chargetitfe generated in T2 > 40 MeV/c).

Having the two experiments different Ricceptance the measurement includes charged parti-
cles withPr > 100 MeV/c in the central tracker, while particles wkh > 40 MeV/c are included
in the T2 measurement. Consistently with #ethresholds used in the analysis, the MC predic-
tions are superimposed to the experimental points usirfgrdiit charged particle minimui@r,
depending on the pseudorapidity region.
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