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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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Physics program with proton taggers
Diffraction Two-photon interactions

- Absolute lumi calibration, calibration of FPS
- Factorization breaking in hard diffraction 

Evidence 
for CEP?

Louvain
Ph tPhoton 
Group (CMS)
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generators and diff. tunes
Average mult. transv. to 
leading jet at LHC

[C.Buttar et al., HERA-LHC proc.]
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Central Exclusive Diffraction: Higgs production
1) Protons remain undestroyed and can be 1) Protons remain undestroyed and can be 

detected in forward detectorsdetected in forward detectors
2) Rapidity gaps between leading protons2) Rapidity gaps between leading protonsb, W, tau ) p y g p g p) p y g p g p

and Higgs decay productsand Higgs decay products

Advantages:

b, W, tau

b, W, tau

I) Roman Pots give much better mass
resolution than central detector

II) JZ = 0, CP-even selection rule: Pile-up is issue for Diffraction at LHC!
- strong suppression of QCD bg
- produced central system is 0++

III) Access to main Higgs decay modes:
bb WW t t i f ti b t

p

[CMS-Totem : Prospects for Diffractive and Fwd physics at LHC]

bb, WW, tautau → information about
Yukawa couplingLog S/Bpu

Rejection
Disadvantages:  Large Pile-up + Irreducible 
BG, Low signal x-section 

j
power
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SM Higgs discovery challenging: low
signal yield →→ try MSSMBut can be kept under control !

Offline cuts



Stat. significance for H→bb: from 5 to 3
H→bb nomix μ = 200 GeV
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Rich γγ and γp physics via forward proton tagging
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Louvain Photon Group (CMS)



Forward detectors at LHC
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Proton taggers for high luminosity

O 420TOTEM-RP             FP420

I P 5  

14  m                    16  m                14 0  m            1 4 7 m   - 2 2 0  m     
4 2 0 m4 2 0  m 

I P 1

8RP220                   
FP420



R&D phase has just ended. R&D report published, hep-ex/0806.0302

Michigan State Univ.

Univ. of Chicago, Argonne (timing det.)
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FP420 and RP220 ATLAS projects have merged into the AFP project. The LoI has just been produced.



How to measure the protons

TOTEM on CMS side
RP220 ATLAS idFP420 TOTEMβ*=0.5
RP220 on ATLAS sideFP420

• Cold region

TOTEM
-

RP220
of LHC

• Too far for 
L1 trigger xL=P’/Pbeam= 1−ξ

FP420
(ATLAS)

FP420
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(ATLAS)



Acceptance for RP220 and FP420 at ATLAS 
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Acceptances at 220m and 420m at ATLAS
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220 m:
Detector 2cm x 2cm
Thin window 200 μm 
Dead zone 50 μm

10σ to beam:
Beam 1:  0.010 < ξ < 0.15
Beam 2:  0.012 < ξ < 0.14
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15σ to beam:
Beam 1:  0.014 < ξ < 0.15
Beam 2:  0.016 < ξ < 0.14  



Integration into LHC structure 
Diffraction protons
deflected 
horizontally
and away from

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

BEAM 2outside needed! BEAM 2

DiffractionDiffraction
p’s deflected
horizontally
but inside
th i

Vertical Roman Pots
the ring

216 m216 m
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224 m



Detector location and placement
220 m: Position and timin detectors in horizontally movin beam pipe220 m: Position and timing detectors in horizontally moving beam pipe 

and Vertical Roman Pots for alignment and calibration of position 
detectors in horizontal movable beam pipe, http://cern.ch/projects-rp220

420 m: Position and timing detectors in horizontally moving beam pipe 
placed in a new connection cryostatplaced in a new connection cryostat.
R&D phase just ended with a complete cryostat design and a prototyped,
tested concept for high precision and high radiation resistive detectors.
R&D report: hep-ex/0806.0302,  http://www.fp420.com    
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Movable beam pipes at 220 and 420 m
Movable beam pipe (Hamburg beam pipe) technique used to move the detectors- Movable beam pipe (Hamburg beam pipe) technique used to move the detectors
to and from the beam – in horizontal direction. 

- First used at PETRA collider, then proven to be viable at ZEUS (for e-tagger) 
- Takes less space than Roman Pots
- It will host position as well as timing detectors at 220 and 420 m. 

Current design for the 420 m region:
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Position detectors
The same requirements for 220 and 420 m regions:

Close to the beam => edgeless detectors               

3D SiliHigh lumi operation => very radiation hard                                        3D Silicon
Mass resolution of 2-3% => 10-15 μm precision                           

S il dd f t ti i d tSuppress pile-up => add fast timing det.     
ATLAS, 1.5 mm (220) and 5 mm (420) from beam
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3D Si detector layout for 220 m region
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3D Si detectors in horizontal section at 220 m
Existing FP 420 modulesExisting  FP 420 modules
No dead zone with 
100μm Y , and 3mm X overlaps

2 mm
Beam

< 40 mm< 40 mm

14 mmIntegration: 14 mmIntegrat on
Expertise at Manchester
FP420:   Scott Kolya

Ray Thompson

20

240 mm

J-F Genat, RP220  Prague Meeting,   Jan 24-25th 2008

y p



Fast timing detectors
Diffraction makes up 20-30% of σTOT: diffractive p’s from pile-up fake signal diffr. p’s 
Example of 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 fast timing det. p g g y g

10ps (2-3mm) resol.   
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[A Kupčo and M T]

UTA, Louvain, Fermilab, Saclay,
Stony Brook, Chicago, Alberta, Argonne

[A.Kupčo and M.T]

Quartz

Test beams indicate:
10-20 ps by Gastof
20-30 ps by Quartz

Disadvantage of Gastof: no space resol 

Future: 1-2 ps? Space resolution?

21
Gastof

Future: 1 2 ps? Space resolution?
Combination of Gas and Quartz

Key point: yield of photoelectrons



CED H→bb using Forward Proton Tagging
hh→bb, mhmax scenario, standard ATLAS L1 triggers, 420m only, 5 mm from beam

Huge Pile-up bg for diffractive processes: overlap of three events (2* SD + non-diffr.
Dij t ) C b d d b F t Ti i d t t t l i d 2 f hi h l i!Dijets). Can be reduced by Fast Timing detectors: t-resol. required: 2 ps for high lumi!

JHEP 0710:090,2007
mA=120 GeV, tanβ=40

3 years at 

mA 120 GeV, tanβ 40
σh→bb=17.9 fb

2x1033cm-2s-1

3 yrs at 1034cm-2s-1

Assume 220m
Assume 220m 
Pots at L1Assume 220m

Pots at L1
Pots at L1

High signific. for
detectors close 

to beams

22

to beams          



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 6 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! 
Double-sided RP220: retains events with Mh>160-200 GeV RP220 L1 trigger study
Single-sided RP220: allows asymmetric 420+220 events

L1 trigger for CED H->bb Mh~120 GeV:

RP220 L1 trigger study

L1 trigger for CED H >bb, Mh 120 GeV:
1) Single-sided RP220 .and. 2 jets ET>40 GeV
2) Exclusivity: (ETjet1+ETjet2)/ETOT > 0.9

) ( )*
[A.Kupčo,

3) Mom.conservation: (ηjet1+ηjet2)*ηRP220 > 0 
4) ξ1 <0.05 .or. ξ2 < 0.05

Output rate of this trigger ~ 1kHz up to 2*1033cm-2s-1

RP220]

23

p gg p
L2, L3: add info from FP420 and fast timing det.

[M.Grothe et al., CMS Note 2006-054]
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At IP5 (CMS)

Louvain 
Photon
Group (CMS)Group (CMS)
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Alignment/Calibration at 220 m
/C
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Alignment/Calibration must be done store-by store. Try elastic events:

Accept. starts at: pT=3 GeV in horiz. dir.
pT=2 GeV in vertical dir.
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Huge differences between models
at such high t!
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2-step procedure
Assuming 50% detector efficiency and taking
Islam (most optimistic) model
1) Align vertical Roman Pots wrt beam
D t t di t f b 10 250
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Detector distance from beam 10σ+250μm:  
(corresp. to pT~2 GeV in vertical dir.)

~5000 events/day in vertical dir.
~1 event/day in horizontal dir.
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15σ+250μm (pT~3 GeV in vertical dir.):
~50 events/day

N l b t h i t l d ti lNo overlap between horizontal and vertical

2) Align horizontal wrt vertical
Overlap in SD: statistics is huge (+halo)

12 b >1012 t / t
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σSD~12mb->1012events/store
Acceptance for the overlap:
0.02% for 10σ, 0.005% for 15σ in vert.dir.

Precision of 5-10μm with 100 elast.events Position of vert.RP not fixed



Summary and Timetable
• AFP = 220 m: horizontal movable beam pipe for position and timing detectors

plus vertical Roman Pots for alignment/calibration 
420 m: movable beam pipe for position and timing detectors inside a new p p p g

connection cryostat
• Position detectors at 220 and 420 m: 3D Silicon
• Timing detectors: a few ps needed to reject pile-up bg at high lumiTiming detectors: a few ps needed to reject pile up bg at high lumi
• Time scale:

- Brian’s introductory talk today at ATLAS week in Bern
- LoI ready to be distributed to ATLAS immediately- LoI ready to be distributed to ATLAS immediately
- If accepted by ATLAS, LoI will be submitted to LHCC
- If accepted by LHCC, this would lead to TDR from ATLAS to LHCC in Winter 2008

• Test beams at Fermilab (June), at CERN (June, September) 
• Developments in 3D Silicon and fast timing detectors very useful for other projects

i i l h i d di l li iin particle physics and medical applications

220m and 420m tagging detectors have the potential to add significantly to the 

27

discovery reach of ATLAS for modest cost, particularly in certain regions of MSSM.
Besides the discovery physics, there is a rich QCD and EW physics program



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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RP220 in L1

30
[P. Le Du, RP220]



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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