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Forward and diffraction physics
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FP420 project



Energy flow and acceptance

Energy flows forwardsMain gy
and undetected by 
central calorimeters

Main

CMS/ATLAs

detectors 

Lots of interesting physics 
would remain undiscovered

Equip the forward region 
by detectors
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Rich program for Forward Physics 
t1 t1 = (p1 − p′1)
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F p t lp1 p′1
t1 (p1 p1)

xIP = ξ1 ξ1 = (p1 − p′1)/p1F (xIP , t1)

IP remnant

F2
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β β =
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jets

ET e−η/(
√

sξ1)F (β, Q2)

hard scatter Q2 ∼ E2
T , m2

W , m2
t , ...

xP

Diff tip2
P remnant Diffraction

E d

Saturation at very low x ?

Evidence 
for CEP?

1 Underlying event/Multiple interactions

Long dist. Correl. in rap.
( d f d i )Two-photon interactions

- Absolute lumi calibration
C lib ti l ti f FPS

(need to cover fwd region)

Huge differences for diff.
generators and diff. tunes
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- Calibration, resolution for FPS
- Factorization breaking in hard diffr.

generators and diff. tunes
Average mult. transv. to 
leading jet at LHC

[C.Buttar et al., HERA-LHC proc.]



Central Exclusive Diffraction: Higgs production
- Khoze, Martin, Ryskin hep-ph/0111078
- Central system is 0++

- If you see a new particle produced exclusively

b, W
b, WH

y p p y
and with proton tags you know its quantum
numbers

- Roman Pots give much better mass resolution
than central detector

Discovery difficult in SM but well possible in MSSM
Pile-up is issue for Diffraction at LHC! 5sigma contours:H→bb, mhmax scen., μ=-500GeVp 5sigma contours:H bb,   mhmax scen., μ 500GeV

[Heinemayer, Khoze, Ryskin,      Stirling, M.T., Weiglein]
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[CMS-Totem : Prospects for Diffractive and Fwd physics at LHC]
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4But can be kept under control !
Offline cuts
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Forward detectors at LHC
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Proton taggers for high luminosity
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Proton taggers for high luminosity
• At CMS: TOTEM: Roman Pots at 147 and 220m   
Excellent coverage in ξ and t at low luminosity optics (β*=90, 1540m) [talk of M.Deile]
Coverage 0.02<ξ<0.2 at high luminosity optics (β*=0.5m) ξ β

• At ATLAS: RP220 Roman Pots (of Totem design) at 220m 
Coverage similar to TOTEM at high luminosity optics

• At CMS and ATLAS: FP420: R&D project, aim to instrument region at 420m 
0.002<ξ<0.02 (high luminosity optics only) 

TOTEM

Logξ
β*=0.5

detectors@420m

FP420

-
RP220

9xL=P’/Pbeam= 1−ξLogt



Michigan State Univ.

Univ. of Chicago, Argonne (timing det.)
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How to measure the protons

TOTEM on CMS sideTOTEM on CMS side
RP220 on ATLAS sideFP420

• Cold region
of LHC

• Too far for 
L1 trigger FP420

(ATLAS)(ATLAS)
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Roman Pot acceptances for Totem and CMS
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[CMS-TOTEM: Prospects for Diffractive and Fwd physics at LHC]



Acceptance for RP220 and FP420 at ATLAS 
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Integration into LHC structure 
Diffraction protons
deflected 
horizontally
and away from

[A.Kupčo, RP220]
and away from 
the ring
Only horizontal 
pots from 

BEAM 2
p
outside needed! BEAM 2

Diffraction
p’s deflected
horizontallyhorizontally
but inside
the ring
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Tracking - Resolutions
Requirements:Requirements:

Close to the beam => edgeless detectors                

High lumi operation => very radiation hard Beam en smearing σ = 0 77 GeVHigh lumi operation => very radiation hard      Beam en.smearing σE = 0.77 GeV

Few μm precision, 1μrad precision                           Beam spot smearing σx,y = 10 μm

Suppress pile-up => add fast timing det. Detector angular resolution = 1, 2 μradSuppress pile up > add fast timing det.     Detector angular resolution  1, 2 μrad

ATLAS, 1.5 mm (220) and 5 mm (420) from beam

[P.Bussey, FP420]
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Resolution of the proton energy loss for the 
reconstructed dimuon pairs: 
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Fast timing detectors
200 GH l t iFast  development  on  several  fronts  for  several  applications !

FP420 and RP220 need to reduce PILE-UP background heavily
At least for H->bb: overlay of 3 events (2 SD + non-diffr. dijets) fakes signal perfectly and

200 GHz electronics
MultiChannel Plates

Simul. tools

At least for H bb: overlay of 3 events (2 SD  non diffr. dijets) fakes signal perfectly and
with prob. 1010 x higher than signal. Can be reduced by applying strict central-matching-RP
conditions + fast timing det. 

10 (2 3 ) l10ps (2-3mm) resol.   
may separate different
vertices 
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FP420: UTA/ Alberta/ FNAL/ Louvain: first tests with Quartic det. 
RP220 ll b ti ith U i Chi St B k A d Ph t i

[A.Kupčo and M.T]
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RP220: collaboration with Univ. Chicago, Stony Brook, Argonne and Photonis
see also workshop on timing det.: Saclay, 8-9.3.2007, 
http://www-d0.fnal.gov/royon/timing



Fast timing detectors
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Level 1 Trigger
FP420: cannot be put directly into L1 – only in special runs with larger L1 latency

available triggers: 2j, μ (L1 threshold for 2μ is 3 GeV), e, j+lepton
- μ-triggers can save up to 20% μ gg p

of bb signal
- WW signal saved by lepton triggers [A.Pilkington,

FP420]

RP220: Can be put into L1: A BIG added value to FP420! Very similar trigger rates
as for foreseen CMS-TOTEM L1 trigger: RP220 L1 trigger study

CMS-TOTEM L1 trigger STUDY
RP220 L1 trigger study

ET
jet > 40 && RP220-1side

[A.Kupčo,
RP220]
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Total reduction: 10 (RP) x 2 (jet isol) x 2 (2 jets same hemisph as p) = 40

[M.Grothe et al., CMS Note 2006-054]



31



Significance for 420+420
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Machine induced background

Horizontal beam profiles for nominal
beam optics and momentum spread

250σbeam1 = 250 μm
σbeam2 = 180 μm

RP220: SIGNAL/Background ~ 10
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Upgrades of forward detectors at LHC
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B A C K U P S L I D E SB A C K U P   S L I D E S
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Impact of FP420 on LHC
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