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LHC experiments reporting to RRB/LHCC 
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  TOTEM physics at LHC 

 Elastic and diffractive scattering: colorless exchange 

TOTEM               TOTEM 

TOTEM               TOTEM 

TOTEM               TOTEM 

TOTEM               TOTEM 

TOTEM               TOTEM 
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  TOTEM – Experimental Setup 

T1, T2: CSC and GEM Inelastic telescopes;   RP: Roman Pots 
[Details: JINST 3 (2008) S08007]  

T1:3.1 <|h| < 4.7,  pT  > 100 MeV 
T2: 5.3 <|h|< 6.5,  pT  > 40 MeV 

in Run I only 

10.5 m 
14 m 
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  RP stations for elastic scattering 

Near(214 m) and Far(220 m) TOTEM RP units 
on both sides of IP5 

Three RP-s in each unit: 
(top, horizontal, bottom) 

Each RP: 
Stack of 10 silicon strips (pitch 66 mm) 

„edgeless” (active in few x 10 mm) 
Trigger capable electronics  

Elastic scattering: two anti-parallel protons 
 two topologies, analyzed independently: 
 45 bottom-56 top, 45 top-56 bottom 
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  RP stations in Run 2 

RP stations:  
• 2 units (Near, Far) at about 5 m (RP220)  
 and 10 m (RP210) distance  
• 1 unit: 3 moveable RPs to approach the 

 beam and detect very small  
 proton scattering angles (few μrad)  
• BPM: precise position relative to beam  
• Overlapping detectors: relative alignment 

 (10 μm inside unit among 3 RPs)  

Horizontal RP, Vertical RPs, Horizontal RP, BPM  
RP unit =  2 vertical + 1 horizontal pot + BPM  
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  TOTEM data taking 
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Data sets at different conditions to measure in a wide |t| range 

Key issues: RP alignment and LHC optics recalibration 

Elastic event selection: topology,anti-collinearity, vertex,low |x| 
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 LHC Optics for Elastic pp Scattering  

 Precise stot and ds/dt 

determination by TOTEM 
needs excellent controll of 

LHC optics from data 
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 LHC Optics Determination, b*= 90 m   

Precise control of LHC imperfections with perturbed LHC optics 
and recalibration from data at IP5: factors of 2 - 10 

arXiv:1406.0546  
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http://arxiv.org/abs/arXiv:1406.0546
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 LHC Optics Determination, b*= 3.5 m   
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TOTEM results at √s = 2.76 TeV 
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TOTEM results at √s = 2.76 TeV 
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Step by step  
progressive selection of cuts 

to find elastic events  
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Alignment, LHC Optics at √s = 2.76 TeV 
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√s = 2.76 TeV preliminary results: 
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cross-sections 
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√s = 2.76 TeV preliminary results: 
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slope parameter B and sel/stot ratio 
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TOTEM results at √s = 7 TeV 
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TOTEM ds/dt results at √s = 7 TeV 
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Inelastic cross-section at √s = 7 TeV 
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TOTEM stot at √s = 7 TeV 

Four different methods yield self-consistent results 
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TOTEM results at √s = 8 TeV 
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Earlier results on elastic scattering 

first LHC data @7 TeV ~ exponential,  
satisfactory fits with exp(-B |t|), 

 but √s =8 TeV TOTEM data at low |t|:   non-exponential @ 7 s 

Earlier hints on  

non-exponential ds/d|t|: 

 
at ISR: 21.5 to 52.8 GeV, 

change of slope 
and better fits with 
exp(-B |t|- C t2) 

 
at SppS: 

Change of slope only, at  
|t|~ 0.14 GeV2  

 
At Tevatron,  

non-exponential not seen 
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  Differential cross-section @ 8 TeV 

 t = -p2 q*
2;    „optimized binning”; almost exponential but if one looks in detail, NOT   
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  Differential cross-section @ 8 TeV 

 Nb = 1 fits excluded. Relative to best exponential, a significant (7s) deviation found  
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  TOTEM pp cross-sections @ 8 TeV 
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Coulomb-Nuclear Interference @ 8 TeV 
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 First measurement of r @ 8 TeV 
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Eur. Phys. J. C (2016) 76: 661 

https://link.springer.com/article/10.1140/epjc/s10052-016-4399-8
https://link.springer.com/article/10.1140/epjc/s10052-016-4399-8
https://link.springer.com/article/10.1140/epjc/s10052-016-4399-8
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TOTEM preliminary  at √s = 13 TeV 
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TOTEM preliminary  at √s = 13 TeV 
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TOTEM preliminary  at √s = 13 TeV 
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TOTEM preliminary  at √s = 13 TeV 
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Growth of B: 
Universal properties  

of Pomeron 
 

Acceleration of B: 
Opening of an 

additional physics 
channel  

from 
TOTEM preliminary 
2.76 and 13 TeV 

threshold ≤ 3-4 TeV 
followed by 

very sharp growth 
 

Change of low-|t|  
trend at LHC 
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  Summary 

 

 TOTEM has measured 
 pp cross sections 

from 2.76 to 13 TeV 
 

High precision of these measurements 
impossible without the recalibration of LHC 

optics from TOTEM RP data. 
 

The results change our understanding 
of elastic scattering: 

 
New physics trends seen  

at LHC energies 
 

threshold ≤ 3-4 TeV 
followed by 

very sharp growth of B  
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The TOTEM Collaboration 

Thank you! 

  
8  

countries 
18 

institutions 
85 

people 
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  Backup slides – Questions? 
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TOTEM preliminary  at √s = 13 TeV 
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Growth of B: 
Universal properties  

of Pomeron 
 

Acceleration of B: 
Opening of an 

additional physics 
channel  

 
TOTEM preliminary 
2.76 and 13 TeV: 

  
threshold ≤ 3-4 TeV 

followed by 
very sharp growth 

 

Change of low-|t|  
trend at LHC 
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  LHC optics and proton acceptance 

 t = -p2 q*
2: four-momentum transfer squared;                      x = Dp/p: fractional momentum loss   

b* = 90 m  
Diffraction:  all x if |t| ≥ 10-2 GeV2,  
soft & semi-hard diffr. 
Elastic: low to mid |t| 
               Total cross-section 

b* = 90 m MC simulation shown 
Parallel to point focussing, vy ~ 0 
Large effective lenght Ly 
Elastic scattering events: in vertical RPs 
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  Differential cross-section @ 8 TeV 

 Nb = 1 fits excluded. Relative to best exponential, a significant (7s) deviation found  
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 TOTEM for double diffraction 
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 TOTEM results on double diffraction 
Phys. Rev. Lett. 111, 262001   

 TOTEM result: 
sDD = 116 ± 25 mb 

4.7 < |h|min < 6.5  
for both diffractive systems 

 E: experimental correction 

includes 
acceptance, 

tracking, 
reconstruction efficiencies (T2) 

and for only neutrals in T2 
 

E = 0.9 ± 0.1 

 
L = 40.1 ± 1.6 mb-1 
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 TOTEM for double diffraction 

 Event cathegories: 

I: |h |min  corrected 
 

D11:  
4.7 < |h± |min < 5.9 

 
D22:  

5.9 < |h ± |min < 6.5 
 

D12: 
4.7 < |h+ |min < 5.9 
5.9 < |h- |min < 6.5 

 
 

D21: 
5.9 < |h+ |min < 6.5 
4.7 < |h- |min < 5.9 

 
Note: |h |min  correction: 

 the dominant source of the 
uncertaintly 
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 TOTEM for single diffraction 

2x 8 
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 TOTEM on single diffraction, 7 TeV 

 TOTEM preliminary: 

sSD = 6.5 ± 1.3 mb 
3.4 GeV < Mdiff < 1.1 TeV 


