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Introduction: TOTEM physics at LHC

Elastic and diffractive scattering: colorless exchange
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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 independent topologies:

45 bottom-56 top, 45 top-56 bottom
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TOTEM before LS1: Experimental Setup @ IP5

T1, T2: CSC and GEM Inelastic telescopes; RP: Roman Pots
[Details: JINST 3 (2008) S08007]. TOTEM Roman Pots at 220 m from IP5
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TOTEM after LS1: Experimental Setup @ IP5

All RP insertions successfull so far, standalone operations as well as common runs with CMS.
First TOTEM preliminary results for 13 TeV approved last week, see F. Nemes’s talk. 
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TOTEM Run Operations in 2015

(1) LHCf run and van der Meer scans, b* = 19 m – enough data for elastic, but low priority
(2) Special runs, b* = 90 m  successful data taking

(3) RP insertions at low and high b*  successful tests
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October 2015: b* = 90 m run

Common request by CMS and TOTEM in the LPC: Lint ≥ 1 pb-1
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TOTEM setup, DAQ: b* = 90 m run

TOTEM Trigger Rate (Run2) ~ 50 x Trigger Rate (Run 1)    
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Operations at b* = 90 m

Day 1: Commissioning. Day 2: RPs at 5 s, scraping the beam to align the pots
Day 3: ATLAS access, loss maps w/o RPs

Days 4 - 7: Physics data
TOTEM standalone data with T1, T2, RP: 11.6 M triggers, (8 x triggers of 8 TeV, Run-1)
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TOTEM Alignment Run,  b* = 90 m

Physics potential: Luminosity indepenent total cross-section measurement
Low-t elastic scattering

Inelastic cross-section, direct measurement with T2

RPs at 5 s 

After quiet beams,
data taking with

T1, T2, RPs

Triggers:
RP double arms

T2 inelastic
(1-2 kHz) 

Two arms: elastics
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Luminosity recorded, 
b* = 90 m

LHC delivered 0.74/pb
CMS+TOTEM recorded for analysis 0.4/pb
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CMS+TOTEM Trigger Menu 1
b* = 90 m

In TOTEM: very high statistics for elastics (> 2x109 events)

Roman Pots Double Arm and T2 Veto + at least 1 track in CMS
Right topology for low-mass central diffraction (DPE), glueball searches

New in 2015:
3 RP Units/arm !

 Improved acceptance

CMS HLT rate 1.5- 2kHz, TOTEM LV1 rate ~ 50 kHz (~108 low mass DPE candidate events)
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Physics: large-t elastic at 13 TeV

Physics potential: large-t elastics may indicate QCD effects
Donnachie and Landshoff power-law tail

May exclude interpretations based on quantum optical models at large t
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CMS+TOTEM Trigger Menu 2:
b* = 90 m

Roman Pots Double Arm, TopTop or BottomBottom, T2 any, CMS any
Right topology for central diffraction, elastic „background” excluded

Control sample for CMS and T2 performance

CMS HLT rate ~ 5 kHz, TOTEM LV1 rate ~ 5 kHz (~107 DPE candidate events)
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CMS+TOTEM Physics Potential:
Central Diffraction, b* = 90 m

CMS HLT rate ~ 5 kHz, TOTEM LV1 rate ~ 5 kHz (~107 DPE candidate events)
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CMS+TOTEM Trigger Menu 3:
b* = 90 m

Roman Pots empty, T2 empty, 
CMS dijets w pT ~ 20-32 GeV, DiMuon, SingleMu & FH gap

Single Diffractive Dijets, Exclusive Dijets, Hard Diffraction

CMS rate ~ 1 kHz

Desirable for future upgrade: neutral veto in CMS ZDC 
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CMS+TOTEM dijets, SD, HD:
Physics potential, b* = 90 m

Single Diffractive Dijets, Exclusive Dijets, Hard Diffraction
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Longitudinal vertex reconstruction
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TOTEM Upgrade
Timing detectors for medium PU

Medium pile-up TOTEM timing ~ 100 ps, different from CT-PPS upgrade ~ 10 ps
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TOTEM Diamond Timing
Development and Upgrade Status

~ 100 ps timing resolution achieved for all channels in tests. Installation in TS3 - YETS
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CT-PPS: CMS-TOTEM 
Precision Proton Spectrometer
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RP insertions
for CT-PPS upgrade
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CT-PPS: 
Upgrade strategy and R&D  

Stay tuned for Zimányi 2016!
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Summary

TOTEM consolidation and RP relocation:

Ready and operational
First data taken in Run-2, 

√s = 13 TeV
in special b* = 90 m runs.

Data rates / volumes: 
more than 10x increase,

extended physics objectives in reach

TOTEM upgrade:
Diamond timing detectors in vertical RPs

Design resolution:
100 ps per plane achieved

Four planes installed in LHC

CT-PPS Project:
Successfull RP test insertions

Si timing detector R&D faster than expected
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The TOTEM Collaboration

Thank you!

8 
countries

18
institutions

85
people
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Backup slides – Questions?



Zimányi Winter School, 2015/12/7-11 Csörgő, T.

VdM scans and LHCf runs in 2015

All TOTEM detectors operational and ready for the special b* = 90 m run in October
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VdM scans and LHCf runs (2)

Diagonal double arm selection: 45 bottom, 56 top
Selection cuts for elastic events based on

correlations of scattering angles in the two arms
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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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LHC Run-1 TOTEM data taking

TOTEM Run-1
published results
from data sets
indicated by

arrows
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CMS+TOTEM data processing:
b* = 90 m

Stay tuned for Zimányi 2016

Status of data processing, as of December 2015
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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



Zimányi Winter School, 2015/12/7-11 Csörgő, T.

TOTEM for single diffraction

2x8

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
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Event selection, data sets

Selected based on topology, low |x|, collinearity, & vertex .
Key issues:  RP alignment and optics.
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3 methods to measure stot

elastic only 
(T1,T2 independent)

r independent

L independent

7 TeV

8 TeV: PRL 111, 012001
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TOTEM total cross-section results
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TOTEM total cross-section @ 8TeV
with luminosity-independent method

Needs precise control of LHC 
imperfections and recalibration 

from data at IP5:
b*=90m,

optics error reduction by 2-10,

arXiv:1406.0546

http://arxiv.org/abs/arXiv:1406.0546
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TOTEM: total cross-sections

7 TeV: Excellent agreements between different methods.
Ongoing analysis for 8 and 2.6 TeV with different optics/methods.


