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outline

Åtotal cross section Лtot of proton -proton interaction

Årising Лtot , Regge model, pomeron

Åmeasurements of Лtot by

ÅATLAS ALFA ±Absolute Luminosity For ATLAS, new arXiv:1607.06605, submitted to Phys. Lett. B

and

ÅTOTEM - TOTal cross-section, Elastic scattering and diffraction dissociation Measurement the LHC; dedicated experiment

and their comparison

Å inelastic cross section Лinel at LHC including measurements at 13 TeV by

ÅATLAS new arXiv:1606.02625, submitted to Phys. Rev. Lett. 

and

ÅCMS

and their comparison with results of ALICE, LHCband TOTEM

Åoutlook
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total cross section Лtot of proton -proton interaction

ÅЛtot of p -p interaction is a fundamental quantity giving the upper 

bound on probability (cross section) of any process in p -p collisions

Åmeasurement of Лtot at LHC energies ±TOTEM and ALFA

Åat higher energies (57 TeV) ±cosmic showers, Auger experiment
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Å 1973 ±Intersection Storage Rings (ISR): rising of Лtot value



„ ί

Åusing optical theorem and Regge theory we can write for a process

where ‌(0) is so-called intercept of a Regge trajectory

Åif  ‌π ρȟ„ will rise with rise of s

Åtrajectory with  ‌π ρhas only one ®particle¯ ±pomeron P

ÅЛtot is not calculable in the framework of the perturbative QCD; Regge model is used in HEP 
generators to describe kinematic area where the QCD cannot be applied
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rising Лtot , Regge model, pomeron
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measurement of total cross section Лtot
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ways of measurement of Лtot

Ådirect (Й-independent) measurement of Лtot = Ntot /L, where 

Ntot is total number of events with interaction, L is luminosity , is 
nontrivial  (due to limited acceptance , model dependence )

Åtraditional way (ISR)of Лtot measurement ±via elastic 
cross section measurement and the use of optical theorem 

t̀ot = èl + ìnel

ìnel= ̀ inel diffractive ( S̀D + D̀D +Χύ Ҍ ǹon diffractive 

luminosity dependent measurement, 
NX - number of events of XÍ(el, tot, inelΣ Χύ ǘȅǇŜ

luminosity independent measurement 

elastic events are the subset of 
diffractive events; diffractive 
pattern was observed in elastic 
collisions
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where fel is elastic amplitude



elastic differential rate

Åto establish                      we need to measure distribution covering very small angles

Åappropriate accelerator optics: separation of elastically scattered protons from beam & beam 
halo, a small divergence of the beams at interaction point, monoenergetic beam, knowledge 
of the optics, knowledge of luminosity, ¤  

TOTEMdetector
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240 m240 m

ALFAdetector (left in Roman Pot)
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fit  

coulomb amplitude

Pythia 8  - values

nuclear amplitude

phase

proton form factor 

el

ATLAS ALFA method

ALFA fit Í[0.014 ς0.1]

Coulomb Nuclear Interference (CNI) region

B =

for an illustration, from ATLAS ALFA TDR, CERN/LHCC 2008-04

e
l
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final result based on subtraction method 

Fit range set to 0.014 -0.1 GeV2 where acceptance > 10% and non-
exponential terms expected to be negligible (<0.1)

ALFA fit result, 8 TeV, І* = 90 m  

both - nuclear part

arXiv:1607.06605
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ATLAS ALFA vs earlier measurements   

TOTEM

ATLAS

7 TeV

ˋTOTEM lumi dependent : 
Зtot = (98.3 ± 2.8) mb EPL 96 (2011) 21002
Зtot = (98.6 ± 2.2) mb EPL 101 (2011) 21002

TOTEM lumi independent 
Зtot = (98.0 ± 2.5) mb EPL 101(2013) 21004

TOTEM Йindependent : 

Зtot = (99.1 ± 4.3) mb EPL 101(2013) 21004

ATLAS lumi dependent : 
Nuclear Physics, B (2014) 889
Зtot = (95.35 ± 1.36 ) mb

Зel = (95.35 ± 0.6 ) mb

& TOTEM & TOTEM

& TOTEM

8 TeV
TOTEM lumi independent: 
Phys. Rev. Lett. 111, 012001 (2013)
Зtot = (101.7±2.9) mb
Зel = (27.1±1.4) mb

sl. 12 more 
measurements
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fitting ATLAS ALFA data with other models

RMS of models 0.28 mb, simple model 0.31 mb -> all looks mutually consistent 
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TOTEM ±simple exponential model excluded 

non exp. fit for elastic differential cross section & CNI effect 

bōҐоόŎŜƴǘǊŀƭύḊ„ 102.9 ± 2.3) mb
bōҐоόǇŜǊƛǇƘŜǊŀƭύḊ„ 103.0 ± 2.3) mb

CERN-PH-EP-2015-325, submitted to EPJC

non exp. fit for elastic differential cross section

8 TeV, ̡ *= 1 km8 TeV, ̡ *= 90 m

central, peripheral ςprofile function shape in impact parameter space, depending on used nuclear phase model



measurement of inelastic cross section Лinel
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1) establish integrated luminosity ὒ᷿Ὠὸ

2) in the same period measure a number of interactions N, e.g. via measuring a minimum 
energy  deposition in a detector ( Minimum Bias Trigger Scintillator for ATLAS, Hadron 
Forward CALorimeter & Centauro And STrange Object Research for CMS)

3) correct for detection efficiency ‐

4) correct for the possibility of having more than one interaction per bunch crossing, i.e. 
pileup, Fpu

„
ὔὊ

‐᷿ ὒὨὸ

p p1)
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analysis technique ±common steps 

2)

p p
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TOTEM

ς

ATLAS ALFA

situation before 13 TeV measurements

arXiv:1607.06605

JHEP 02 (2015) 129

EPL 101 (2013) 21002

Nature Commun. 2 (2011) 46

EPL 101 (2013) 21003

Phys. Lett. B722 (2013) 5CMS

LHCb

+ added measurements

Nuclear Physics,  B (2014) 889

Eur. Phys. J. C 73 (2013) 2456

EPL 101 (2013) 21004



ATLAS ±Лinel at 13 TeV
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ÅMBTS ±significantly upgraded for LHC RUN II

Å2 cm thick discs in front of forward calorimeters, made of 
highly efficient polystyrene scintillator

Å trigger requires signal at least in one MBTS counter

Å inclusive selection - at least 2 of 24 MBTS counters have 
to collect charge above the threshold

arXiv:1606.02625
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MBTS acceptance depends on MX , required acceptance > 50% ->  MX > 13 GeV  &  ‚MX
ϳMX ί 10-6

IP

uncertainty on extrapolation to full cross -section given by variations of model Ж-dependencies

try to minimize the impact of physics 
mismodelingwithin the fiducial range 
of the measurement by constraining 
the fraction of diffractive events

we get diffractive-enhanced sample by 
requiring hits in only one side of MBTS

ATLAS ±fiducial cut & diffractive enhancement

Reggetrajectory



after the tuning
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Å RSSdepends on diffractive fraction fDſ(ЛSD+ЛDD)/Лinel

Å RSSin data = 10.4 ± 0.5% 
Å for each generator/tune, fD tuned to match RSSmeasured in data

e.g fD(Pythia DL) = 25%

ATLAS ±mc tuning and fiducial Лinel
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ATLAS ±extrapolated Лinel



CMS ±forward detectors and Лinel at 13 TeV
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Hadronic Forward CAL (CMS)

CASTOR (CMS)

TOTEM

CMS-PAS-FSQ-15-005
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HFCAL

Å18 iron azimuthal wedges, with embedded quartz 
fibers running along the beam direction

Åeach wedge is subdivided into 13 pseudorapidity
segments (towers)

CMS HFCAL and CASTOR

CASTOR

Å tungsten and quartz layers, 14.385 m from IP
Å segmented in 16 -sectors and 14 z-modules, in 

total 224 cells. 
Å CASTOR was only partially included in the 

detector setup during the run periods 
considered in this analysis



CMS ±runs conditions and systematics
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В±fraction of selected stable -particle level 

events that fulǪll the detector-level ofǬine 

selection criteria 

bВ±the contamination ±fraction of detector -level 

ofǬine selected events that are not part of the 

considered stable -particle level phase space 

domain

systematics
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measured cross section is significantly lower than predicted by models for hadronic scattering and ATLAS

CMS ±Лinel at 13 TeV

ATLAS
updated value

ATLAS
updated value



outlook

ATLAS ALFA

Åongoing analysis of 8 TeV data for І* = 1 km ±cross sections, B and rho parameters

Åmeasurement covering CNI region for І* = 2500 m at 13 TeV, fall of 2016 ±planned 1 week of 

data taking

TOTEM

Åongoing cross sections analyses at 2.76 TeV for І* = 11m and at 13 TeV for І* = 90 m 

Åa new publication in preparation for І* = 1 km, confirming the previously obtained results by 

TOTEM

Åmeasurement covering CNI region for І* = 2500 m at 13 TeV±cross sections, rho measurement, 

common week with ALFA

Åsearch for oderon

LHCb

Åinelastic cross section at 13 TeV, end of 2016
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Åmeasurements at 14 TeV
(on stage soon)

outlook
Å understanding of differences: 

ALFA vs TOTEM, 

ATLAS vs CMS¤ 

and 
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backup



optics
Åno sextupoles between IP and RPs -> 

movement in ὼand Ùplanes independent

Åelastic proton (no dispersion), deflected in the 

IP from a vertex position ὼ, under an angle ʃ
arrives to detector 

ὼ
ʃ M ᴼ

ὼ
ʃ ,M ᴼ =

Åin case of parallel to point optics 

ὼ ὒÅÆÆʃ

i.e. the scattering angle

ʃ ʃ ʃ

and 
ὸ ὴʃ

can be directly written as function of ὼ
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Easy Tracker ςbeam 1

! J. KaǑǇŀǊ, QCD at CosmicEnergiesςVII., 2016

T. Komárek



event selection
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ALFA 

ÅLvl1 elastic trigger

Ågood LBs based on data quality

Ågeometrical cuts

Åelastics selections

both TOTEM and ALFA have the same event selection logic although technically differently realized

7 TeV, EPL 96 (2011) 21002

elastic selections



background 
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ways to estimate the irreducible background under 
the elastic peak :

Åcounting events in the anti -golden configuration, 
can also be used to get a t -spectrum for 
background events for subtraction ±nominal 
method for ALFA

Å reconstructing the vertex distribution in x 
through the lattice, where background appears 
in non Gaussian tails, fraction estimated with 
background templates obtained from data ±
nominal for systematics ALFA, nominal TOTEM)

ÅTOTEM uses the non-colliding bunches to 
estimate the level of beam -gas background for 
the measurement of the inelastic rate

arXiv:1503.08111v4
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where Ǚt i is width of the i-th bin, Mǝ1represents the unfolding 
procedure applied to the background -subtracted number of 
events NiǝBi , Ai is the acceptance, ‭reco is the event 
reconstruction efficiency, ‭trig is the trigger efficiency , ‭DAQ is 

the dead-time correction and Lint is the integrated luminosity

el

acceptance, purity & migration 


