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• What is TOTEM? 

• Goals 

• Experimental setup 

• Cross section measurement 

• First results 

• Inelastic rate measurement for the luminosity 

independent cross section measurement 
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• TOTal, Elastic and diffractive cross section Measurement 

• A small experiment at the Large Hadron Collider (LHC) 

• Located at IP5 together with CMS 

• Focus on forward physics 

 

What is TOTEM? 
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• Total pp cross section measurement with high 

precision 

• Luminosity (in)dependent method 

• Elastic scattering and diffraction 

• Better understanding of the structure of the proton 

• Allows for improvement of models in non-perturbative 

region 

• Forward charged particle production 

• Related to cosmic rays 
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Experimental setup 
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• Based on the optical theorem 

• Luminosity independent method 

‒  σ𝑡𝑜𝑡 =
16π

𝑑𝑁𝑒𝑙
𝑑𝑡

|𝑡=0

(1+ρ2)(𝑁𝑒𝑙+𝑁𝑖𝑛𝑒𝑙)
 

• Luminosity dependent method 

‒  σ𝑡𝑜𝑡 =
16π

1+ρ2

𝑑σ𝑒𝑙

𝑑𝑡
|𝑡=0 

‒ Luminosity measurement from CMS 

• ρ ~ 0.14 (at 7 TeV) from theoretical predictions 
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Methods for total cross 

section measurement 
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Elastic scattering 
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x = Dp/p  

Topology: track in near & far 
units in diagonal configuration 
w.r.t. IP 

Low |x| selection (3σ): |xRP| < 
3σx  @ Lx = 0 & corr. yRP,near 

yRP,far 

Elastic collinearity (3σ): θ*x,45
  

θ*x,56
 & θ*y,45  θ*y,56 

Sector 56 

Sector 45 

b* = 90 m 
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• Based on β∗ = 90 m run from 
June 2011 with ℒ = 0.002 nb−1 

• Optical point 
𝑑σ𝑒𝑙

𝑑𝑡|𝑡=0
= 503.7 ±

1.5(𝑠𝑡𝑎𝑡) ± 26.7 𝑠𝑦𝑠𝑡  mb/GeV2 

• Elastic proton-proton cross 
section (integrated) σ𝑒𝑙 = 24.8 ±
0.2 𝑠𝑡𝑎𝑡 ± 0.3 𝑠𝑦𝑠𝑡  mb 

• Total proton-proton cross 
section σ𝑡𝑜𝑡 = 98.3 ± 0.2 𝑠𝑡𝑎𝑡 ±
2.8 𝑠𝑦𝑠𝑡  mb 

• Inelastic proton-proton cross 
section 

σ𝑖𝑛𝑒𝑙 =  σ𝑡𝑜𝑡 −σ𝑒𝑙 = 

73.5 ± 0.6(𝑠𝑡𝑎𝑡)−1.3
+1.8 𝑠𝑦𝑠𝑡  mb 

First total cross section 

3.1.2012 8 

Faculty of Science / Jan Welti/ Total Cross Section 

Measurement with TOTEM at the LHC 

Requires special optics to have 

access to very small t 
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First total cross section 
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sinel (CMS) = 
68.0   2.0(syst)   
 2.4(lumi)                      

 4.0(extrap) mb 
 
sinel (ATLAS) = 
69.4  2.4(exp)                          
 6.9(extrap) mb 
 
sinel (ALICE) = 
72.7  1.1(model)               
 5.1 (lumi) mb 
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• T1 and T2 telescopes used as inelastic event counters 

• T2 telescope used for triggering 

• Visible inelastic rate obtained from measured one correcting 
for: 

• Trigger inefficiency (few percent) 

‒ Trigger efficiency as function of charged particle multiplicity determined 
from data with bunch crossing trigger 

• Beam gas background (few permille) 

‒ Estimated from events triggered for non-colliding bunches 

• Events with tracks only in T1 (few percent) 

‒ Fraction calculated from data with bunch crossing trigger 

• Pileup (~1.5 percent) 

‒ Estimated from relative trigger rate in data with bunch crossing trigger 

3.1.2012 10 

Faculty of Science / Jan Welti/ Total Cross Section 

Measurement with TOTEM at the LHC 

Inelastic rate measurement 

at β∗ = 𝟗𝟎 m 
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• Invisible inelastic rate 

• Some events have all their final state particles outside the 
acceptance of T1 and T2 

‒ Mainly low mass single diffractive 

• Correction based on diffractive mass distribution 

‒ Calculation of diffractive mass distribution based on rapidity gaps 

‒ Unfolding 

‒ Polynomial fit of diffractive mass distribution in region of good efficiency 

‒ Extrapolation to low diffractive mass 

• Cross-check using events with only proton and no tracks in T1 
and T2 

• Sum of extrapolated and visible number of events give the 
inelastic rate → used for total cross section measurement  
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Inelastic rate measurement 

at β∗ = 𝟗𝟎 m 
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• Luminosity dependent cross section measurement based 

on elastic scattering published (EPL 96 (2011) 21002) 

• Luminosity independent cross section measurement 

• Visible inelastic rate measurement requires several 

corrections 

• Invisible inelastic rate can be measured by extrapolating 

diffractive mass distribution/counting proton only events 

• 𝑑𝑁𝑒𝑙/𝑑𝑡 measurement 

 

• Thank you for your attention! 
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