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Forward detectors at LHC
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•Selection rules mean that central system is 0++     

Exclusive Central Production
y

⇒pinning down the quantum numbers

• CP violation in the Higgs sector shows up 
directly as azimuthal asymmetries y y

• Tagging the protons means excellent mass 
resolution (~ GeV) irrespective of the decay 
products of the central system. LO QCD p y
backgrounds suppressed 

•Proton tagging may be the discovery channel in 
certain regions of the MSSM. 

• Unique access to a host of interesting QCD 
processes

Very schematically: exclusive central production is a glue – glue collider where you know 
th b f th l f l j t d t l d ti f
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the beam energy of the gluons - source of pure gluon jets - and central production of 
any 0++ state which couples strongly to glue is a possibility … 



FP420: Detectors at 420m

Low β*: (0.5m): Lumi 1033-1034cm-2s-1

TOTEM
(ATLAS/RP220)

FP420

215m:           0.02 < ξ < 0.2
300/400m: 0.002 < ξ < 0.02

D i h ld iDetectors in the cold region are    
needed to access the low ξ values
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FP420 R&D Study



FP420 R&D Study
• Feasibility study and R&D for the development of detectors to measure protons atFeasibility study and R&D for the development of detectors to measure protons at 

420 m from the IP, during low β optics at the LHC
– Main physics aim pp → p+ X + p

• Higgs, New physics 
• QCD/diffractive  studies
• Photon induced interactions

– Study aims
M ch nics/st bilit f r d t ct rs• Mechanics/stability for detectors 

at 420 meter (cryostat region)
• Detectors to operate close to the beam 
• Fast timing detectors (10-20 picosecond resolution)Fast timing detectors (10 20 picosecond resolution)
• RF issues, integration, precision alignment, radiation, resolution,…
• Trigger/selection issues/pile-up for highest luminosity

⇒To be built/deployed by ATLAS and/or CMS, when successfulp y y ,
• Collaboration web page:   http://www.fp420.com
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Excellent collaboration with machine/cryo groups; Keith Potter mediator



FP420
Detectors at 420 m from the IP to detect forward protons

Replace empty cryostat with ATMs and “FP420” beampipe
d ib d i th d t
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described in the document



Acceptance and Resolution

420m+220m
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Central Exclusive Higgs Production
Central Exclusive  Higgs production pp→ p H p  :               2-10 fb (SM)

b -jet
~10-100 fb (MSSM)

E.g. V. Khoze et al
ADR et al.

H
gap gap

η
p p

M. Boonekamp et al
B. Cox et al. 
V. Petrov et al…
Brodsky et al.

b -jet

p p

22 )''( ppppMH −−+=

y

b jet

beam dipole

)( ppppMH +
ΔM = O(1.0 - 2.0) GeV

A way to get information

p’

dipole
A way to get information
on the spin of the Higgs
⇒ADDED VALUE TO LHC
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p’roman pots roman pots
FP420 R&D Project

http://www.fp420.com



pp→p+H+p cross section

Checkered history: range of possible numbers existed until 1-2 years ago
Durham numbers were checked by J Forshaw et al and by a Protvino groupDurham numbers were checked by J. Forshaw et al, and by a Protvino group
More importantly the Tevatron predictions for dijets and diphotons are 
confirmed within a factor of ~ 2

Main uncertainties
-Proton survival probability  (Tevatron → LHC)
Could be pinned down with early LHC data 

pp →p WW ppp →p WW p
-PDF uncertainty

Take pessimistic approach in mostp pp
cases:  MRST PDFs  
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CDF
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Also: Observation of exclusive 2 photon and di-lepton events in CDF 



Higgs Studies

100 fb
Cross section factorCross section factor
> 10 larger in MSSM
(high tanβ)
⇒ Few 100 events with

1fb

⇒ Few 100 events with 
~ 10 background events
for 30 fb-1

Kaidalov et al.,
hep-ph/0307064120  140
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H→bb
Mh

max MSSM scenario: H→bb

(mA=120 GeV, tanβ = 40, 60 fb-1)     σ= 20 fb

Invariant mass
Events / 1 GeV

Invariant mass
calculated with
the two protons 

T kTaking into account
acceptance, trigger
efficiencies etc.

New trigger strategy:
Open L1 jet thresholds and accept 10-25 KHz
Clean at HLT with FP420 protons to few Hz
Trigger acceptance > 50% * proton acceptance
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Trigger acceptance  50%  proton acceptance
Pile-up taken into account Presently:SM H→bb will be marginal



MSSM Scenario Studies

MA = 130 GeV H→bb

No-mixing scenario
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Contours of ratio of signal events in the MSSM over the SM



Measuring the Azimuthal Asymmetry

Khoze et al., hep-ph/0307064

Azimuthal correlation
between the tagged protons

Allows to eg to differentiate
O+ from O-

A way to get information
on the spin of the Higgs

ADDED VALUE TO LHC
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⇒ADDED VALUE TO LHC



H→WW

WW* : MH = 120 GeV s = 0.4 fb

M = 140 GeV s = 1 fb
Standard Model Higgs

H

MH = 140 GeV s = 1 fb

MH = 140 GeV : 3-4 signal / O(3) background in 30 fb-1 

MH = 140 GeV : 17  signal / O(15) background in 300 fb-1

MH = 120 GeV : 5 signal in 300 fb-1

with fast simulation for detector

•In certain MSSM space the signal rate goes up by a factor 4

with fast simulation for detector

In certain MSSM space the signal rate goes up by a factor 4

•The WW* (ZZ*) channel has no: no trigger problems, better mass resolution at 
higher masses (even in leptonic / semi-leptonic channel)
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h→aa→ττττ
L hi i NMSSM If diffi lt (i ibl ) t t d d LHCLow mass higgs in NMSSM: If ma < mB difficult (impossible) at standard LHC
J. Gunion: FP420 may be the only way to see it at the LHC

150 fb-1
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“lineshape analysis”

Thi iJ. Ellis et al.
hep-ph/0502251

S i ith CP

This scenario
needs a mass
resolution of 
about 1 GeV and Scenario with CP

violation in the 
Higgs sector and 
tri mixing

100 fb-1

tri-mixing
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Long Lived gluinos at the LHC

P. Bussey et al
hep-ph/0607264

Gluino mass resolution with 300 fb-1

using  forward detectors and muon system

The event numbers includes acceptance p
in the FP420 detectors and central
detector, trigger…
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Measure the gluino mass with a precision (much) better than 1%



Exotics Anomalous WW Production?
Al Whit th f iti l i d lAlan White: theory of supercritical pomeron→ reggeized gluon+many 

(infinite) wee gluons
• color sextet quarks required by asymptotic freedom, have strong colour 

charge (at least) few 100 GeV constituent masscharge, (at least) few 100 GeV constituent mass
• Sextet mesons → EWSB  
• UDD neutron dark matter candidate

E l i hi h i K ?

color                 color
triplets              sextets

u    c    t                U
d b D• Explain high energy cosmic rays, Knee?

• Color sextet quarks couple strongly to W and Z and to the pomeron
• Phenomenology: Anomalous production of WW when above threshold ie. 

At th LHC ( ith ibl t l d d t t bl t th

d    s    b               D

At the LHC (with possibly some onset already detectable at the 
Tevatron

M l i WW ZZ ti i DPE t th LHC
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⇒Measure exclusive WW,ZZ cross sections in DPE at the LHC
Expected cross section to be orders of magnitude larger than in SM



C S

Photon-photon and photon-proton @ LHC

Process
p

CMS Near beam 
Detectors

WWA spectrum
p

Extensive Program and γpExtensive Program
•γ γ→ μμ, ee  QED processes
•γ γ→ QCD (jets..)
•γ γ→ ZZ/WW anomalous couplings

…and γp

•γ γ→ ZZ/WW anomalous couplings
•γ γ→ top pairs
•γ γ→ Higgs

Ch in s
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•γ γ→ Charginos
•…



Two photon processes

Q2<2 GeV2

Relative elastic luminosity
for 20 GeV <Eγ < 900 GeV
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WW Quartic Anomalous Couplings 

10000 better than the best established LEP limits
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10000 better than the best established LEP limits



Supersymmetric Particles
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Photon-Proton Processes
A i t d WH d tiAssociated WH production

Anomalous top production
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QED Processes for Alignment
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FP420
CERN-LHCC-2005-025CERN LHCC 2005 025
LHCC-I-015
FP420 : An R&D Proposal to Investigate the Feasibility of Installing Proton 
Tagging Detectors in the 420m Region at LHC

Status 
2006

FP420 R&D Funding (ATLAS & CMS) → R&D document:
“The panel believed that this offers a unique opportunity to extend the potential of the 
LHC and has the potential to give a high scientific return.” - UK PPRP (PPARC)
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LHC and has the potent al to g ve a h gh sc ent f c return. UK PPRP (PPARC)
R&D funding : £500k from UK (Silicon, detector stations, beam pipe + LHC optics and 
cryostat design), $100k from US (QUARTIC, Andrew Brandt/UTA), €100k Belgium (+Italy 
/ Finland) (mechanics) 



Schematic of Extremely High Precision Proton Spectrometer

CMS

High precisionHigh precision
(~ 5 μ m) BPM

High precision
( 5 ) BPM(~ 5μm) BPM420m of vacuum pipe

120m of 8T dipoles
Precision ~ 5 μ m on track displacement

d 1 d l t b
Layout schematic ...
Still being optimized
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and ~ 1 μ rad on angle w.r.t. beam. Still being optimized



Silicon tracker mechanical design
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Fast Timing System
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FP420 Allignment
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FP420 Detector System
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October Testbeam at CERN
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Summary 
• Near beam detectors at 420m will extend the physics potential ofNear beam detectors at 420m will extend the physics potential of 

the central detector CMS.
– Main physics aim pp → p+ X + p

Hi i ti l iMSSM N h i E ti h i• Higgs, in particular iMSSM,  New physics, Exotic physics 
• QCD/diffractive  studies 

– dijets, WW, 2 photon production measurements etc.dijets, WW, 2 photon production measurements etc.
• Photon induced interactions

– Significant sensitivity to new physics
– Data taking at 1034 cm-2s-1 seems feasible

• ATLAS: FP420 part of the ‘forward detector package’
• CMS: project being evaluated by internal refereesCMS: project being evaluated by internal referees
• FP420 is an excellent  ‘extension’ of the CMS/ATLAS baseline 

detector.  First DPE events in FP420 in 2010?
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BackupBackup
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Integration of the moving beampipe and detectors

ATM

BPM

Vacuum Space

Line X

Bus Bar Cryostat

Vacuum Space

BPM

Fixed Beampipe

Pockets

ATM

Vacuum Space
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CRC
Louvain-la-Neuve
CRC
Louvain-la-NeuveBenoît Florins, Krzysztof Piotrzkowski, Guido Ryckewaert



Running Scenarios
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