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THE PLAN 

!   LECTURE 1: 
!   WHAT DIFFRACTION? 

!   SIGNATURES OF DIFFRACTIVE PROCESSES 

!   LECTURE 2: 
!   EXPERIMENTS AT THE LHC 

!   FUTURE PLANS 
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Services routing:
From Castor to Racks

Patch Panels

T2

Services routing:
From Castor to Racks
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Leading Protons measured at 
 -220m from IP1 & IP5  
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ZDC 
FSC 

Leading protons: RP’s at (±147m), ±220m 
Rap gaps & Fwd particle flows: T1 & T2 spectrometers 
Fwd energy flows: Castor & ZDC  
Fwd counters at: ±60m to ±100 (140)m - FSCs 
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DETECTOR LAY-OUTS FOR DIFFRACTION  
– CMS/TOTEM 



ATLAS / LHCf 

LHCb 
FSC 

CMS / TOTEM 

ALICE 

T2/CASTOR 
RPs/HPS 
FSC/ZDC 

ALFA/AFP 
LUCID/ZDC 

ZDC/ADA,C 

Beyond ⎜η ⎜> 5 
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  FOR GOOD COVERAGE OF DIFFRACTIVE 
MASSES, NEED DETECTION AT SMALL 

ANGLES  

FSC  
contribution 

gaps with η < 4.7 

gaps with all η	



IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 

pt,min =1 GeV 

pt,min =0.5 GeV 

pt,min =0.1 GeV 

FOR SEEING THE RAP GAPS, NEED GOOD 
COVERAGE in pT 
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           LHC EXPERIMENTS: pT-η coverage 

Exp      B  
   (T) 

   pT≥ 
(GeV) 

ALICE 0.2-0.5 0.1-0.25 

ATLAS   2.0    0.5 

CMS   4.0    0.75 

LHCb  4Tm    0.1 

The base line LHC experiments used to cover the central rapidity region. 
  Forward Upgrades of CMS, ATLAS & ALICE amount to significant 
 improvements! 
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ATLAS & CMS fwd calorimetry up to |η| ≈ 5 + Lucid/Castor + ZDC 
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DETECTION Forward Particle Detection at the LHC 
(1): Surround the Beam Pipe

Easy but miss the most forward ones!
ATLAS      , CMS         and  TOTEM

10-20m

CALORIMETRY
TRACKING

HF
LUCID

HF
CASTOR

T1
T2

⎜η ⎜ ~ 3 - 7
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Forward – Very Forward – Particle 
Detection at the LHC (2): 
Go into the Beam Pipe (or Move It!)

Ideal solution - challenges the vacuum
preservers (µStations!).
- ATLAS          , CMS          , TOTEM

150-420m

⎜η ⎜ > 7

RP’s
FP420?

RP’s
FP420?

RP’s
for 
leading 
protons 
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AFP? HPS? 



Forward – Very Forward – Particle 
Detection at the LHC (3): 
Use the beam split region (ZDC’s)

Ideal for neutrons & gammas.
ALICE      , ATLAS      , CMS

πo, n, Λo

140m

⎜η ⎜ ≥ 8
ZDCs ZDCs

LHCf
ZDCs

for leading 
neutrals 
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Forward – Very Forward – Particle 
Detection at the LHC (4): 
Detect the showers (FSCs)

Easy and cheap!
- CMS 

60-140m

⎜η ⎜ ≥ 8

FSCs ?
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ALICE, CMS, LHCb .. 



   FORWARD SHOWER COUNTERS GIVE EFFICIENT  
   VETO OF BACKGROUNDS 

FSCs 

T2/Castor 

T1/HF 
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CMS FORWARD DETECTORS 

Tracking to |η| < 2.4 
Hadronic calorimeter (HF) to |η| < 5 
Forward calorimeters cover -6.6< < -5.2(CASTOR) and |η| > 8.1 (ZDC) 
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CMS DIFFRACTION - RESULTS 
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 pp->pX                               pp->pjjX                            pp->pjj    (bosons, heavy                                                          
 pp->pXp                             pp->pjjXp                          pp->pjjp   quarks,Higgs...)    

 

 soft diffraction              (semi)-hard diffraction                  hard diffraction 

Cross section                                                                                 Luminosity   

 β (m)            1540                     90                     2                               0.5 
 
L (cm-2 s-1)       1029                                     1030                         1032                                                                  1034 
 

                              TOTEM  LHC  runs                                               Standard   LHC  runs 

RUN SCENARIOS FOR DIFFRACTION 
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T1, T2 SPECTROMETERS, CASTOR 

T1 and T2 detect particle flows 

CASTOR 
detects energy 
flows 

T1, T2 and CASTOR help in rejecting the backgrounds  
from SD and ND events.  
Have good acceptance in pT: T2 > 40MeV, T1 >100MeV 
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TOTEM DETECTORS 

T1 3.1<η<4.7 
T2 5.3<η<6.5 
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LEADING PROTON MEASUREMENT 

Consider the trajectory of a proton in the transverse plane: 
 
 

 y(s) = vy(s)•y* + Ly
eff(s)•θy* 

 
 x(s) = vx(s)•x* + Lx

eff(s)• θx*+ ξ•D(s), 
 
 
 
x* and y* = position in the transverse plane 
θx*,θy*     = scattering angles 
ξ = 1-p’/p = the longitudinal momentum loss 
Lx,y

eff(s)   = √(βx,y(s)β*) sinΔµ(s) the effective length with Δµ(s) = ∫β-1(s)ds the betatron phase advance 
vx,y(s)       = √(βx,y(s)/β*) cosΔµ(s) the magnification 
D(s)         = the dispersion 
βx,y(s)       = the value of the b-function along the beam line 
β*            = βx(s=0) = βy(s=0) is the value of the β function at the interaction point 
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LEADING PROTON MEASUREMENT 

The measured proton momentum: 
 

  p’ = (1-ξ)•p 
 

  t = - (1- ξ )2[sin2θx* + sin2θy*] 
 
Uncertainties: 
 

•  dispersion, magnification, effective length of position i 
•  transverse position of the event at the IP 
•  position resolution of the detectors 
•  beam momentum spread: ξo ≈ 10-4 
•  angular divergence at the IP: σθx* = σθx* = 32 mrad. 

Estimated accuracy: Δξ/ξ ≈ 10-4, Δt/t = 10% for -t = 0.01 GeV2 
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BEAM LINE AND RUN CONDITIONS 

Distance from the IP (m) 
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Horizontal Pot:   extend 
acceptance;  overlap for 
relative           alignment 
using common track. 

Absolute (w.r.t. beam) 
alignment from beam 
position monitor 
(BPM) 

Beampipes 

use roman pots to 
get close to the beam 

RP station:  
- 2 units at 4m distance 
- 2 vertical + 1 horizontal insertions (‘pots’)  

fwd protons with a few µrad angles: detection 
at 10σ + d from the beam  
(σbeam ~ 80µm at RP) 
 
⇒ ‘edgeless’ detectors to minimize d   

           Horizontal Pot           Vertical Pot        BPM 

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



p. 3 Mario Deile – 

T2#
(GEMs)#

T1#
(CSCs)#

TOTEM Detectors 

Package of 10 “edgeless” Si-detectors RP#Unit#

TOTEM DETECTORS 
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Leading forward protons at ±220 meters: Low & High β* (β*≈ 0.55m, 90m) 

At low β* (nominal LHC beam optics) the protons are 
measured through their horizontal deviation from the 
beam axis. 
The proton fractional longitudinal momentum loss, ξ, is 
proportional to the (horizontal) distance fom the beam axis: 
 
ξ = Δp/p ∝ x 

- measurement sensitive to the transverse (x*,y*) position of 
the interaction vertex  
 

At high β* (β* ≈ 90m custom optics) the protons are 
measured through their scattering angle in vertical 
direction. 
 
 Θy ∝ pT ≈ √ ⎜ty ⎜ 
 
- measurement sensitive to the horizontal x* position of the 
interaction vertex in diffractive events 
- horizontal vertex position obtained by measuring elastic 
events (if beams assumed to be symmetric in the transverse 
plane) 
 
 

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



ELASTIC CROSS SECTION - TOTEM 
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SUMMARY OF CROSS SECTION 
MEASUREMENTS AT THE LHC 
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Single diffraction low ξ 
Correlation between leading proton and forward detector T2 

run: 37280003, event: 3000
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 Single diffraction large ξ 
correlation between leading proton and forward detector T2 

RP RPT2 T2

IPsector 45 sector 56

run: 37280006, event: 9522

50

40

30

20

10

0

10

20

30

40

50

y
(m
m
)

25 0 25 50
x (mm)

RP, sector 45

150

100

50

0

50

100

150

y
(m
m
)

150 0 150
x (mm)

T2, sector 45

150

100

50

0

50

100

150

y
(m
m
)

150 0 150
x (mm)

T2, sector 56

50

40

30

20

10

0

10

20

30

40

50

y
(m
m
)

25 0 25 50
x (mm)

RP, sector 56

η

       MX
2 = ξ s 

Rapidity Gap 

Δη = -ln ξ 

φ
SD 

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



Central Exclusive Diffraction (CED) 
correlation between leading protons and forward detector T2 

run: 37220007, event: 9904
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DI-JET CANDIDATE 
EVENT 
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Soft Central Diffraction Exchange 
TOTEM alone, 20.10.2011 data 

β* = 90m optics runs, sqrt s = 7 TeV: 
§  y < 11σ removed : protection against pile-up 

 beam halo × beam halo 
 beam halo × elastic proton  

§   DPE protons of -t > 0.02GeV2 detected by RP 
§   nearly complete ξ-acceptance 

σDPE estimation:  

Single arm DPE event rate in RP 
integrated ξ, acceptance corrected 

B=7.8 ±1.4 GeV-2 
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  in	
  progress: 
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Soft Central Diffraction – dN/dM 
TOTEM alone, 20.10.2011 data 
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    ATLAS: LUminosity measurement using a Cherenkov Imaging Detector          
                  LUCID 

-  dedicated luminosity monitors 
-  5 x 40 counters 
-  5.4 < ⎜η ⎜< 6.1 
-  17 m from IP1 
-  counts tracks from min bias &   
  diffractive events 
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ATLAS 
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ATLAS 
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SINGLE DIFFRACTIVE EVENT IN 
ATLAS 
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LHCb FORWARD TRACKING 
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CDF 
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ALICE-LHC 
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CENTRAL ππ MASS: 
EXCLUSIVE vs. INCLUSIVE  

 
 
PRELIMINA
RY 
3.5+3.5 TeV 
ALICE 
RESULTS  
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DINO’s GLUEBALL? 
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CENTRAL  K+K-  MASS vs. RAP GAP SELECTION 
- PRELIMINARY!  
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SFM at THE ISR... 
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No φ, rapid onset 



SUMMARY OF NEW 
RESULTS 
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SUMMARY 
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SINGLE DIFFRACTION - 
SUMMARY 
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LOW MASS SINGLE 
DIFFRACTION - TOTEM 
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SINGLE DIFFRACTION - 
SUMMARY 
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DOUBLE DIFFRACTION - 
SUMMARY 
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DOUBLE DIFFRACTION - 
SUMMARY 
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TEL AVIV GROUP 
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TOTAL CROSS SECTION - ATLAS 
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FUTURE PLANS 

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 



ALICE FORWARD DETECTORS 

ADA/ADC UPGRADE FOR IMPROVED FORWARD 
COVERAGE: 
8 + 8 PMD QUADRANTS AT BOTH SIDES OF THE 
EXPERIMENT. 
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ADA 4.7-6.3 

 
ADC -7.0-4.8 

 

ALICE FORWARD DETECTORS – 
ADA/ADC COMPLETE THE COVERAGE 
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ADC FORWARD TRIGGER EFFICIENCY 

forward mass 

50% acceptance at 3 GeV 
 
efficiency down to lowest 
N* masses 
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ATLAS FUTURE PLANS 

Christophe Royon in Diffraction 2014 
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ATLAS AFP 



AFP PHYSICS GOALS 
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AFP PHYSICS GOALS 
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   Zero Degree Calorimeter - ZDC 
Quartz fiber Tungsten sampling calorimeter 
for neutrons and photons at ⎜η ⎜> 8.1 

140 m from the IP 

ALICE 
 
ATLAS/LHCf 
 
CMS/TOTEM 
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Roman Pot detector system 
study of combination: Si strip- Si pixel- timing  (schematic) 

CMS ip5 

RP + 200m 

timing tracking 

RP - 200m 

beam halo 

40 MHz-VFAT 
Si-strip detector 

PIXEL  
detector 

SHOWER 

double arm coincidence trigger trigger 

 
  

pileup bunch crossing 
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veto counters

60m ~ 140m

Q1 Q2 Q3

D1

IP

Rapidity Gap Veto – Detector Lay-Out

magnification x vs. y: 70 80cm

80cm

   EXTEND FORWARD ACCEPTANCES BY 
SHOWER COUNTERS 

50cm 

50cm 
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FORWARD DETECTION EFFICIENCIES ARE 
IMPROVED  

FSCs see forward particles  
(ε =50%) with rapidities ⎜η ⎜> 8 
 
Fwd particles detected via inter- 
actions in the beam pipe 
 
 

πo 

π± 
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MICROSTATIONS 

Liquid nitrogen in 

Nitrogen out 

Emergency 
trigger 

Connectors for one 
detector 

Connector 
for motors 

Connector 
for encoders 

Space for other services 
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Inner 
tube 
for rf 
fitting  

Inch worm motor  Emergency 
actuator 

Detector 

Space 
for 
cables 
and 
cooling 
link 

Space for 
encoder 

µStation 
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Physics priorities vs. the initial phases of the 
LHC – Elastic scattering & σtot 

 
(1)  β* = 2m-18m?? 

dσel/dt (large –t) 

 
(2) β* = 90m 

dσel/dt (moderate –t)	


σtot & L(quick & dirty?) 
 
 

(3) β* = 0.55m 
dσel/dt (large –t) 

 
(4) β* = 1540m 

dσel/dt (small –t) 	


σtot & L (TOTEM TDR) 

T
IM

E
? 
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Physics priorities vs. the initial phases of the 
LHC – Single diffraction & low-x 

 
(1)  β* = 2m -18m?? 

dσSD/dξdt (limited acc.) 

 
(2) β* = 90m 

dσSD/dξdt (50% acc.) 

semi-hard diffraction 
low-x phenomena 
 

(3) β* = 0.55m 
dσSD/dξdt (limited acc.) 

low-x phenomena 
 

(4) β* = 1540m 
dσSD/dξdt (85% acc.) 	


 

T
IM

E
? 

  TOTEM 
Castor, 
ZDC, 420m  

  TOTEM 
Castor, 
ZDC, 420m  

      CMS 
  Tracking  
        &  
 Calorimety 
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Physics priorities vs. the initial phases of the 
LHC – Central diffraction 

 
(1)  β* = 2m, 6m, 18m?? 

dσCD/dMXdt (hard CD?) 

 
(2) β* = 90m 

dσCD/dMXdt (soft & semihard CD) 
 
 

(3) β* = 0.55m 
dσCD/dMXdt (hard CD, discoveries) 

 
(4) β* = 1540m 

dσCD/dt (soft CD, ξ-t coverage!)  
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(M, y)
x1

x2

x’1
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Q⊥

p1

p2
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