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Outline:

• CT-PPS  &  TOTEM spectrometer in the LHC tunnel

• Status and experience of operation in 2015 & 2016

• Status of upgrade project

• Summary and conclusions

29/09/2016
Forward Physics Workshop Trento  J.B.                                                                                

September 26th - 30th   2016                                 
2



Main goals of TOTEM consolidation and upgrade project
after LS1 LHC 

- Measurement of total cross section

- Forward multiplicity

- Diffractive physics
(soft & hard diffraction, jets)
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TOTEM detectors integrated in CMS (T1, T2)

TOTEM detectors integrated in LHC (RP)

TOTEM (stand alone) 
TOTEM&CMS at low / highβ*,  special runs

TOTEM&CMS at low β* and high luminosity -> CT-PPS

consolidation & upgrade

consolidation
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ROMAN POT: Milestones reached
from March 2013 until September 2016
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Cooling & vacuum
tests

RP operation from CCC

Timing detector R&D
Test beams at  CERN (PS,SPS)  & PSI
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Installation of :
Diamond detectors in RP-
cylindrical for tracking g& timing
Clock distribution (RF & LASER)

TOTEM Si strip readout fully 
integrated in CMS DAQ 100kHz
More 10 fb-1 recorded at nominal 
RP position
(15σ distance to beam)
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CMS
~ 200 m

beam

TOTEM & CT-PPS 

TOTEM physics programCT-PPS physics program
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210 near 210 far

0.4m 2.5 km

220 near 220 far
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Physics requirements (standard LHC optics)  

Extreme requirements on RP spectrometer and LHC beam performance:

Reproducibility of insertion position from fill to fill better than 50 µm
LHC beam orbit stability  better than 100 µm 
Impedance impact mitigation of installation -> RF shield – Ferrite geometry
Radiation hard detectors

Movement direction
for RP insertion  

Si detector

Fully automatized RP insertion steered by LHC CCC
More than 30 RP insertions this year ! 
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Separated with thin window of 150 μm from LHC vacuum



Roman Pot insertions in 2016  

Main Goals (2016):

Validate Roman Pots for  insertions 
at physics position 15σ at design 
luminosity of LHC

Integrate the detectors in CMS DAQ 
global run to assure physics data 
taking in combination with CMS

Calibration of RP Si detectors in 
combination with LHC optics 
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p. 9

The upgraded Roman Pot Spectrometer 
-> Three horizontal RPs are validated for insertions at LHC standard optics

TCL6

Roman Pot 

1 new horizontal cylindrical pot

with circular ferrites

RP147 relocated to 203-214m

(ECR LHC-XRP-EC-0010 approved)

timing detectors:

integrated diamond detectors 

during TS1

Existing RP220:

not validated for insertion 

at standard optics Sector 4-5
(Sector 5-6 analogous)

Q5

Q6

Roman Pot  upgrade :

horizontal pots at 203 m and 214 m 

equipped with Faraday cages (RF shields)

and circular ferrites
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New design 
Cylindrical RP or RF shield

Circular ferrites

Old box design 
without RF shield

and old Ferrite 
geometry

IMPACT of ROMAN POTS ON LHC BEAM STABILITY: 

IMPACT of LHC BEAM ON ROMAN POT TEMPERATURE:
Flange temperature (close to Ferrites) below + 60 C°
OPERATIONAL TEMPERATURE OF Si detectors always below -14 C°

flange

Conclusion (B.Salvant LHC) on
3rd Elba Workshop on Forward Physics @ LHC energy (June 2016):
“… no observations on BBQ (amplitudes, tunes) and synchronous phase error during RP
insertion of 15 σ “

IMPACT  OF LHC BEAM ON ROMAN POT and Si Detector TEMPERATURE   &
IMPACT of ROMAN POTS ON LHC BEAM STABILITY    3rd September 2016

Hybrid Old design (in garage position)

Temperature reach of new Roman 
Pots after insertion to 15 σ
ΔT relative to injection
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IMPACT of Roman Pots on Beam loss monitors &  LHC vacuum

BLMs show linear increase with Luminosity

LHC vacuum in 220 m region  

BLM_signal
~ particle rate x material budget (pot, LHC vacuum)

- BLM signals were much below threshold for beam dump
- no particular UFO activity was created by RP in the 220 m region
- no beam dump was initiated by Roman Pot insertions up to 
design luminosity of LHC

3rd September 2016

In total there are 7 BLMs and 5 LHC vacuum sensors installed in each sector

Most critical BLM
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RP Strip
operation 
integrated in  CMS 
global run: ~ 11 fb-1

September 10th
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Roman Pots inserted at standard LHC 
operation luminosity record
(so far)  

Readout of RP Si detectors fully integrated
in CMS DAQ Global run
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Important goals reached
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Si strip operation in horizontal Roman Pots at 15 σ

collimator

28 August 2016

HIT MAP of tracks

detector edge
detector edge collimator



Optics functions & calibration 

Alignment run standard optics  (5σ horizontal)
RP (verticals & horizontal in partial overlap)

Use of vertical and horizontal RPs
(tracks in overlap) 
during alignment run at lowβ*. 
Elastic scattered protons in vertical RP 
constraint the precision in the x-position

Horizontal RP
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Ly =0
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TOTEM  (high β* 2.5 km)
• High beta optics was successful setup

• The vertical RPs were aligned and then inserted to 3 σ

• The horizontal RPs were aligned and then inserted to 9 σ

……. the run started on 19.9.2016 

reach of |t|~ 6*10-4 GeV2

measurement of elastic scattering in the Coulomb-Nuclear interference region 
(same conditions as with 1 km optics and lower energy) 
Precision measurement of ρ parameter (+/- 0.01) (energy dependent)
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Radiation damage of sensor in horizontal RP very local 
-> change of vertical  position of RP unit to enlarge detector lifetime 

x-ray campaign of RF finger 
during TS1

x-ray analysis allow 
shift of ~ 2mm 

~ 2.0 mm

Shift of RP unit vertically

Procedure was
approved by LHC
vacuum group
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Three different position of detector relative to 
beam allow extension of life time (zone 1,2,3)
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Re-alignment necessary 
after change of RP unit position 

Zone 3

Zone 2

Zone 1



Upgrade installation work during TS1 and TS2

• Installation of diamond detectors in cylindrical RPs
• Installation of precision clock components

TS1 TS2
• Installation of timing electronics & precision clock components
• Exchange of detector packages in horizontal RPs 210 m near/far 

Diamond detector package
with champignon

Diamond detector –
champignon integrated in 
cylindrical Roman Pot

Timing detector electronics and clock distribution
components  (RF & LASER based)

Exchange of horizontal Si strip
detector
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Summary and Conclusions (1)

• Detector upgrade 

Diamond detectors (tracking & timing)  were  integrated in cylindrical Roman Pots during TS1 

 Readout firmware uploaded and clock distribution components were installed during TS2 

• Detector service 

 4 Si strip detector packages exchanged (TS2)  in horizontal RPs of 210m for efficient data taking after TS2

 RF finger x-ray campaign during TS1 ->  Preparation for RP unit vertical shift by  2.0 mm during EYETS 

• Special Runs at high β* (2.5 km optics)

 Beam was successfully setup with β* = 2.5 km - the vertical RPs aligned at only 3 σ beam distance

 reach of |t|~ 6*10-4 GeV2

 elastic scattering in the Coulomb-Nuclear interference region 

 high precision measurement of  ρ parameter  
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Summary and Conclusions (2)

• Runs at standard optics of LHC -> Roman Pot  (new development)  insertions and data taking 

 automatic Roman Pot insertions (15σ) 

 insertions were validated for the design luminosity of LHC (L= 1034 cm-2 s-1 )

 no perturbations of the LHC machine were observed due to RP insertions

 total number of 14 RPs (6 horizontals, 8 verticals) were inserted at low β* 

 Roman Pot readout is fully integrated in CMS DAQ  (100 kHz, CMS global runs)

 11 fb-1 were recorded in CMS global runs with RPs in 15σ position     

 RP-detector calibration & LHC optics calibration was performed 

 dispersion measured with precision of 5 %  - asymmetry in dispersion (sectors 4-5 & 5-6)

 event matching with CMS achieved and data analysis started

Common effort by LHC, CMS and TOTEM 
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Upcoming activities -> 2016 to 2017

• Continue data taking with new crossing angle after TS2
data taking with RP cylindrical diamond detector measurements
& RP 210 (Si strip)

• EYETS  and TS – 2017

Under discussion: possibility to exchange the RP220 m horizontals

-> equip with RF shields

• Si-Pixel for tracking

• Further R&D on timing detectors 
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Mild orbit bump
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