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Physics goals
• Measurement of the total ptotal p--p crossp cross--sectionsection at 14 TeV

with ~1% error
• Measurement of the p-p elastic scatteringelastic scattering in the range  

10-3 < -t < 8 GeV2   (-t~(pθ)2)
•• Forward physicsForward physics:

– soft diffraction
– and with CMSCMS

• SD and DPE production of jets, W, heavy flavors, etc.
• particle and energy flow in the forward direction
• central exclusive production
• low-x physics
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TOTEM detectors
• Inelastic detectors

– T1 – CSC Coverage 3.1<|η|<4.7

– T2 – GEMGEM Coverage 5.3<|η|<6.6

• Leading proton detectors
– Silicon detectors inside Roman Pots 

(at 147,180,220 m from IP)

Detectors on both sides.Detectors on both sides.
~10 m

~14 m

T1 T2 CMS-CASTOR



Milos – 8/9/06 - Diffraction 2006 Fabrizio Ferro (INFN-Genova) 5

T1 telescope
• 5 planes with measurement of 

three coordinates per plane.
• 3 degrees rotation and overlap 

between adjacent planes
•• Primary vertex reconstructionPrimary vertex reconstruction
• Trigger with CSC wires

Support
1 arm

σ~0.7mm
3m

CMS Endcap
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T1 support installation
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T2: telescope
10 triple-GEM planes, to cope with high particle fluxes

5.3<|η|<6.6

Technology used in COMPASS

pads

strips

Prototypes

σstrip~70μm

Double readout Double readout 
layer: layer: Strips Strips for for 
radial position, radial position, PadsPads
for for ηη,,φ.φ.

Digital r/o circular strips

Digital r/o pads
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T2 readout board
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T1 and T2: simulation and performances
• Reconstructed vertex well inside the beampipe (σr~3mm) and 

within ±5 cm along the beam axis

T1 and T2: geometric acceptance

0%

20%

40%

60%

80%

100%

2 3 4 5 6 7 8
η

T1
T2

Geometric acceptance

T1 T2

Primary vertex resolution

R

z
The primary vertex resolution is sufficient
to discriminate beam-beam from beam-gas 
events.

mm
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Roman Pots

Beampipes

- 10 planes
- Detector overlapping for tracks 
alignment

2004 prototype on 2004 prototype on 
SPS coasting beamsSPS coasting beams

Each RP station consists in 2 units separated  by 4m
Each unit has 2 vertical insertions (‘pots’) and 1 
horizontal

Protons at angles of few Protons at angles of few μμradrad with with RPsRPs at 10at 10σσ + d+ d from beam  
σbeam ~ 80 μm at Totem
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Roman pots
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Planar 3D

Traditional planar detector with active edge

E-field
p + Al

n + Al

n + Al

Current Terminating Structure
Standard technology with reduced guard rings

50μm dead area 10μm dead area

Detector 1Detector 1 Detector 2Detector 2

Test beam active edge

Leading proton detectors
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Detector’s ID

50
 

m
66 μm pitch

de
ad

 a
re

a

Pitch adapter on detector

2006 production2006 production

Silicon edgeless detectors
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Total cross-section: experimental results

Previous measurements: PS, ISR, 
SPS, TEVATRON, Cosmic Rays
σ~(log(s))γ with γ~2

COMPETE fit predicts at the LHC energy:
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σtot: experimental method
Luminosity independent measurement using the Optical theorem. 
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• (dNel/dt)t=0
• total rate  (Nel + Ninel)

< 1% precision

• Measure the total rate (Nel+Ninel) , σdiff ~ 18 mb and min. bias ~65 mb, with an expected precision 
of   ~0.8 %
(running for 1 day at L = 1.6 x 1028cm-2s-1).
• Extrapolate the elastic cross-section to t = 0:   systematics dominated:  ~0.5 %
(statistical error after 1 day: 0.07 %)
• ρ =Re f(0)/Im f(0) unknown; using COMPETE pred.:  ~0.2 %
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High-β optics for precise measurement of the scattering angle           σ(θ*) = √ε / β* ~ 0.3 μrad

As a consequence large beam size σ(y*) = √ ε β*  ~ 0.4 mm

Reduced number of bunches ( 43 and 156 ) to avoid interactions further downstream

TOTEM needs dedicated short runs at high-ββ** and and lowlow εε
Scattering angles of a few μrad 

TOTEM Optics Conditions

Baseline optics β*=1540 m: parallel-to-point focusing in both transverse planes

allows very low-t detection (-t ~ 2 10-3 GeV2)

requires special injection optics

probably not available at beginning of LHC 

Investigation on β*=90 m : parallel-to-point focusing only in vertical plane

t detection down to ~ 2 10-2 GeV2

achievable by un-squeezing the standard LHC injection optics
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Running scenarios
Scenario
Physics:

1
low |t| elastic,

σtot ,
min. bias,      

soft 
diffraction

2
diffraction

3
large |t| 
elastic

4
soft and 

semi-hard 
diffraction

(under study)

β* [m] 1540 1540 18

2808

1.15 

160

3.75

95

5.28

3.6 x 1032

N of bunches 43 156

90

156

N of part. per bunch (x1011) 0.3 0.6 - 1.15 1.15 

0

3.75

200

2.4

Half crossing angle [μrad] 0 0

Transv. norm. emitt. [μm 
rad]

1 1 - 3.75

RMS beam size at IP [μm] 454 454 - 880

RMS beam diverg. [μrad] 0.29 0.29 - 0.57

Peak luminosity [cm-2 s-1] 1.6 x 1028 2.4 x 1029 2 x 1030
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Different models

Elastic scattering: dσ/dt

Pomeron exchange

diffractive structure

pQCD~1/|t|8

Photon - Pomeron interference

∫L dt = 10 33 and 10 37 cm –2

(1day @1028 and 1032)

||~ tBe−

tmin from: 1.3 mm = 10σbeam+0.5mm at 220m RP

β* = 1540 m
L = 1.6 x 1028 cm-2 s-1

β*=18 m
L = 3.6 x 1032 cm-2 s-1

BSW model

Islam et al.

BSW

Desgrolard et al.
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Detector distance to the beam: 1.3 mm (β*=1540)  6 mm (β*=90)

β*=1540

β*=2

β*=90

Log(-t) GeV2Log(-t) GeV2

Elastic scattering
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φ resolution: test collinearity
of particles in the 2 arms →
background reduction

1540m 1o

Elastic scattering resolution
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Theoretical models uncertainties:
β∗=1540 m     < 0.1%
β*=90 m         ~ 0.5%

At β*=90 m a smaller contribution from systematic effects is expected

0.1 %0.2 μradAngular spread

0.08 %20 μmBeam -- detector alignment

0.1 %0.05 %Beam energy uncertainty

0.07 %107 eventsResolution, statistics (10h@1028):

Uncertainty in
Extrapolation

Effect
(β*=1540 m)

Total  < 0.5 %

Extrapolation to t=0
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Acceptance

simulated

extrapolated
detectedLoss at low 

masses Pythia generator

Inelastic event selection:
• trigger from T1 or T2 (double arm o single arm)
• Vertex reconstruction (to eliminate beam-gas bkg.)
• 2.8 mb lost because of acceptance in diffractive events. Extrapolation

needed

σσ((mbmb)) Double Double 
armarm

Single armSingle arm Uncertainty after Uncertainty after 
extrapolationextrapolation

Minimum biasMinimum bias 5858 0.30.3 0.060.06 0.060.06

2 x single diffractive2 x single diffractive 1414 -- 2.52.5 0.60.6

Double diffractiveDouble diffractive 77 2.82.8 0.30.3 0.10.1

Double Double PomeronPomeron 11 -- -- 0.020.02

Elastic ScatteringElastic Scattering 3030 -- -- 0.10.1

Losses
01.0005.00.008  22 ≈+≈

Δ

tot

tot

σ
σ

Inelastic and total cross section
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Diffractive protons

β=1540

β=2,0.5

Lo
g(

ξ)
 ξ

=Δ
p/

p
Log(-t) (GeV2)

β=90

β=1540

β=90

β=2,0.5

Log(M) (GeV)
diffrdiffr. protons detected        1. protons detected        1--arm    2arm    2--armarm

(incl. SD)   (incl. DPE)(incl. SD)   (incl. DPE)
~50%     ~30% ~50%     ~30% 
~90%     ~80%  ~90%     ~80%  

RP at 220 m
30% acceptance contours
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50% 30%β=1540 m                                                   β=90 m

Sample of DPE events M=√ξ1ξ2s

Central mass resolution (with protons)

Mass resolution in DPE depends on ξlead/ξNlead ratio
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90% (65%) of all diffractive protons are detected for β* = 1540 (90) m
Largest acceptance detector ever built at a hadron collider

R
om

an Pots

TOTEM+CMS

T1,T2 T1,T2

R
om

an Pots

dN
ch
/d

η
dEdE

/d/d
ηη

Energy flux

Charged 
particles

107 min bias events, incl. all diffractive processes, in 1 day with β* =1540 m

TOTEM + CMS

The document describing the common physics program is foreseen for fall
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CMS-TOTEM common physics menu

Low Luminosity (<10Low Luminosity (<103232 cmcm--22ss--11): low and high ): low and high ββ**
Measure inclusive SD and DPE 

cross sections and t, MX dependence
Rapidity Gap selection 
Forward Drell-Yan 
Validation of Cosmic Ray generators

High Luminosity (> 10High Luminosity (> 103232 cmcm--22ss--11) : low) : low ββ**
(routine CMS data taking)                                       

Measure SD and DPE in presence of hard scale 
(dijets, vector bosons, heavy quarks): dPDF, GPD

γγ and γp phyics

> 10> 103333 cmcm--22ss--11

Discover the SM or MSSM Higgs in 
central exclusive production

Running with TOTEM optics: large Running with TOTEM optics: large 
proton acceptanceproton acceptance

No pileNo pile--upup

PilePile--up not negligible:up not negligible:
main source of backgroundmain source of background

Need additional forward protonNeed additional forward proton
detectordetector
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10-3

dσ
D

PE
/ d

M
X

[m
b

/ G
eV

]

[Pomeron trajectory 
α(t) = 1 + ε + α’ t ]

CMS/TOTEM:DPE (1)

Measure > 90% of leading protons with 
RPs 
and diffractive system ‘X’ with T1, T2 
and CMS.

p1

p2 p2’

p1’

P X

L (cm-2 s-1) =2·1029 1030

β* (m)   =     1540    90

• Threshold scan for New Physics
• Triggered by leading proton and seen in CMS
• Central production of states X: 
X = χc, χb, Higgs, dijets, SUSY particles, ...
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Advantage: selection rules: JP = 0+, 2+, 4+; C = +1 
⇒ reduced background, determination of quantum numbers.
Good φ resolution in TOTEM: determine parity: P = (-1)J+1 ⇔ dσ/dφ ~ 1 +– cos 2φ

HiggsHiggs needs L ~ 1033 cm-2 s-1, i.e. a running scenario for β∗ = 0.5 m:
• trigger problems in the presence of overlapping events
• install additional Roman Pots in cold LHC region (420 m) at a later stage 

LHC (CMS+TOTEM):

CMS/TOTEM: DPE (2)
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shields color charge
of other 2 gluons

Vacuum quantum
numbers “Double
Pomeron Exchange”

pp->pHp

Extensive study of theoretical models & MC generators

H→bbar     MH=120 GeV only few events expected
in 30fb-1 and S/B ~ 0.1-1

H →WW   MH>130 GeV  Nev~3-6 for 30 fb-1

Background and pile-up studies in progress

σ(M)/M 

4%

1.5%Cross-section is expected to be 
orders of magnitude higher in 
MSSM model for high tanβ

CMS/TOTEM: light SM/MSSM Higgs in central exclusive production
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Example for Central Exclusive Production:
H(120) → b bbar

2-jets (ET>40GeV) & single-arm RP 220m

Trigger is an important limiting factor to select diffractive events  (“low” pT processes) 

CMS trigger bandwith limits:      L1 : O(1) kHz  ;   HLT : O (1) Hz 

Combinations of TOTEM  RP with the 
standard CMS trigger conditions 
(jets, muons) : it is possible to
lower the jet/muon thresholds 
substantially and stay in the limits

The CMS trigger menus now 
foresee 1% of the trigger
on L1 and HLT for a dedicated 
diffractive trigger stream 

Trigger studies (low β*)

M. Grothe et al., proceedings HERA-LHC workshop '05,
and CMS Note 2006/054 & TOTEM Note 2006/01

12%
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Trigger (special optics): 
DPE :  2 proton trigger 
(anti collinearity condition) +T1/T2
SD  : 1 p + T1/T2 opposite 

Measure cross sections, t, M dependence

Measure the central Mass via: 
proton(s)
rap-gap relation 
calorimeters 

Transition from soft to semi-hard scale: 
in the soft sample,  “contamination”
of (low pT)-dijets events 

β=90 m  in 0.3pb-1       

                        ~10M events of inclusive DPE/SD       
~1K events of DPE-dijets (low pT)  
~10K events of SD-dijets     “

GAP (T1/T2/Calorimeter) vs ln(ξ)σ(ξ)/ξ ∼ 40%

Limit of direct ξ
measurement

σ(ξ)/ξ ∼ 80%

Low luminosity: soft DPE and SD
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● Interpreting cosmic ray data depends on hadronic simulation programs 
● Forward region poorly known/constrained 
● Models differ  up to a  factor 2 or more

Need forward particle/energy measurements: LHC center-of-mass energy corresponds to 
Elab=1017 eV

Achievable at low luminosity using T1/T2/Castor

Cosmic rays connection
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TOTEM will be ready for data-taking at the LHC start:

Measure total pp cross-section (and luminosity) with a precision of 1 % 
with β* = 1540 m 

(Possible early measurement with β*=90 m)

Measure elastic scattering in the range 10-3< t < 10 GeV 2

In collaboration with CMS:

soft diffraction
semi-hard diffraction (pT > 10 GeV)

hard diffraction
Exclusive Double Pomeron Exchange

Studies of forward particle production

Summary
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