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Rich program for Forward Physics at LHC
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Absolute lumi calibration
- 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.]



Diffraction at LHC:
- Forward proton tagging in special runs withForward proton tagging in special runs with 

ALFA

- Combined tag of proton in ALFA on one side and 
remnants of dissociated proton in LUCID/ZDC on
the other side

C t l idit i EM/HAD l i t- Central rapidity gap in EM/HAD calorimeters 
(|η|<3.2) and inner detector (|η|<2.5)
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Diffraction Physics Measurements – Low Lumi
WITHOUT PROTON TAGGING WITH PROTON TAGGING

Low luminosity
L1 trigger:       rapgap, low ET (20-30 GeV)

St t ith ti X /X(i l )

or  Early data
ALFA, LUCID or ZDC

X W Z jj t i f ti S2Start with ratios X+gaps/X(incl.),

pp → RG + W/Z + RG 
pp → RG + W  

X=W,Z,jj,μμ -> get information on S2

Info on soft survival S2 (γ-exch. dominates for W)
Info on soft survival S2

pp → RG + jj + RG            

pp → RG + Y + RG

Combined effect of all basic ingredients to CED
(S2, Sudakov suppr., unintegr. fg, enhanced absorpt)
Info on unintegrated fg (γ- or Odderon exchange)
P-tagging = info on proton p i e dσ/dt

Hard SD, Hard DD
P-tagging = info on proton pT, i.e. dσ/dt
High rate soft diffraction:
ALFA: σtot, dσel/dt, σSD(low M), d2σSD/dtdξ,

d2σDPE/dξ1dξ2
t t d l ti- tests model assumptions, 

- governs rates of Pile-up bg
- Strongly restricts S2 (info on enhanced absorption), not

sensitive to higher-order (Sudakov) effects
pp p + jj + p:
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pp → p + jj + p: 
Advantages: rel. high rate

separate different effects in one process
High rate γp and γγ processes



V.Khoze, DIS08
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V.Khoze, DIS08
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Advantages:  - comparatively high rate (3 orders higher than Higgs with the same ET), σjj
DPE(ET>20)~10nb

- possibility to separate different effects by studying one process 



DPE/CED measurements using rapgaps
A Pilkington DIS08A.Pilkington, DIS08

CED
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Hard Single Diffraction using rapgap

p1 p′1
t1 t1 = (p1 − p′1)

2

xIP = ξ1 ξ1 = (p1 − p′1)/p1F (xIP , t1) A.Pilkington, DIS08

IP remnant

β β =
∑

jets

ET e−η/(
√

sξ1)F (β, Q2)

hard scatter Q2 ∼ E2
T , m2

W , m2
t , ...

xP

p2
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ξ < 0 1 ⇒ O(1) TeV “Pomeron beams“ξ < 0.1   ⇒ O(1) TeV  Pomeron beams
e.g. Structure of the Pomeron F(β,Q2)           
β down to ~ 10-3 & Q2 ~104 GeV2
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Gaps between jets
A Pilkington DIS08A.Pilkington, DIS08
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Introduction – physics case  Soft SD measurement with ALFA

• soft single diffraction pp X+p: motivation

– fundamental process for which cross section and distributions should be 
measured

– large model uncertainties, background to other processes
relevant for luminosity calibration in case the coulomb region for elastic– relevant for luminosity calibration in case the coulomb region for elastic 
scattering can’t be reached

RP RPRP RPZDC LUCID ZDCLUCID
ATLAS

IP

RP RP RP RPZDC LUCID ZDCLUCID
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Generator comparison: single diffraction Soft SD measurement with ALFA

Huge differences between Pythia and Phojet: 

particle multiplicity and t -distribution

‘rapidity gap’p y g p
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Forward detectors for single diffraction
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Soft SD with ALFA: Trigger conditions

• For the special run, high β* optics, (~100 hrs, L=1027cm-2s-1)

• 1 ALFA trigger• 1. ALFA trigger
– coincidence signal left-right arm (elastic trigger) 
– each arm must have a coincidence between 2 stations 
– rate about 30 Hzrate about 30 Hz

• 2. LUCID trigger
– coincidence left-right arm (luminosity monitoring)
– single arm signal: one track in one tube 

• 3. ZDC trigger
i l i l d i 1 T V ( )– single arm signal: energy deposit > 1 TeV (neutrons)

• 4. Single diffraction trigger
ALFA AND (LUCID OR ZDC)
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– ALFA.AND.(LUCID.OR.ZDC) 
– central ATLAS detector not considered for now
– using the MBTS would be an asset



ξ- and t-acceptance and resolutions for SD 
with ALFA    

Global acceptance

Pythia 45%
Phojet 40%Phojet 40%

Good agreementg
for resolutions
between 
Pythia and Phojet
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Soft SD with ALFA: Summary
Single diffraction can be measured during the special elastic calibrationSingle diffraction can be measured during the special elastic calibration
run provided that ALFA can be combined with LUCID/ZDC.

– combined analysis of forward detectorscombined analysis of forward detectors 
– measurement of cross section and t-, ξ-distributions
– SD cross section measurement with ≈ 15 % syst. uncertainty ?
– improve model predictions and background estimates for central

Preselection

ξ

PhojetPythiaEfficiency [%]

Preselection

ξ

PhojetPythiaEfficiency [%]

38.753.9ZDC [E>1 TeV]

57.345.2LUCID [1 track]

94.897.1ξ<0.2

38.753.9ZDC [E>1 TeV]

57.345.2LUCID [1 track]

94.897.1ξ<0.2

RP selection

54.260.1ALFA
(Relative to preselection)

7475Total preselection

RP selection

54.260.1ALFA
(Relative to preselection)

7475Total preselection
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Expect 1.2-1.8 M accepted events in 100 hours at 1027cm-2s-1

40.145.0Total acceptance 40.145.0Total acceptance



ATLAS Forward Physics Upgrade for High Lumi
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Integration into LHC structure 
Diffraction protonsDiffraction protons
deflected 
horizontally
and away from 
the ring

[A.Kupčo, RP220]

the ring
Only horizontal 
pots from 
outside needed! BEAM 2

Diffraction
p’s deflected
horizontally
but inside
the ring
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Physics with Forward Proton Tagging at High Lumi
CED Higgs production (Higgs mass, quantum numbers, discovery in certain regions 

of MSSM/NMSSM):
SM h→WW*, 140 < Mh < 180 GeV
MSSM h→bb, h→tautau  for 90 < Mh < 140 GeV
MSSM H bb (90 < M < 300) H (90 < M < 160)
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MSSM H→bb (90 < Mh < 300), H→ττ (90 < Mh < 160) 
NMSSM h→aa→ττττ for 90 < Mh < 110 GeV
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 2 ×, eff. -1L = 600 fb

[EPJC 53 (2008) 231]

• Gamma-proton
• Gamma-Gamma
• SD, DD

G i l / U d l i t

Average mult. transv.
to leading jet
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• Gap survival / Underlying event
• Study of gluon jets [C.Buttar et al., HERA-LHC proc.]



Rich γp and pp physics via forward proton tagging
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R l ti f th t l f th

γγ→μμ excellent tool for FP420 calibration
Resolution of the proton energy loss for the 
reconstructed dimuon pairs: 
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V.Khoze, DIS08
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Anomalous WWγ
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Central Exclusive Diffraction: Higgs production
1)1)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 protons

and Higgs decay productsand Higgs decay products
b, W, tau

and Higgs decay productsand Higgs decay products

Advantages:
I) Roman Pots give much better mass

l ti th t l d t t

b, W, tau

resolution than central detector
II) JZ = 0, CP-even selection rule: 

- strong suppression of QCD bg
- produced central system is 0++

Pile-up is issue for Diffraction at LHC!

[CMS-Totem : Prospects for Diffractive and Fwd physics at LHC] p y
III) Access to main Higgs decay modes:
bb, WW, tautau → information about
Yukawa couplingLog S/Bpu

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

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

Offline cuts



MSSM and CED go quite well together

SM: Higgs discovery challenging

MSSM: 
1) hi h ti th i SM i t i1) higher x-sections than in SM in certain 
scenarios and certain phase-space regions
2) the same BG as in SM

MSSM: Possibility to measure total Higgs width
(high tanβ) and to distinguish between nearly
degenerate Higgs states
[J Ellis J-S Lee A Pilaftsis ’05][J. Ellis, J-S. Lee, A. Pilaftsis, 05]

Well known difficult region for conventional channels tagged proton channel may well be the discovery

25

Well known difficult region for conventional channels, tagged proton channel may well be the discovery 
channel and is certainly a powerful spin/parity filter



CED H→bb using Forward Proton Tagging
h→bb mhmax scenario standard ATLAS L1 triggers 420m only 5 mm from beamh→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.
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
σh→bb=17.9 fb

3 years at 
2x1033cm-2s-1

Assume 220m

3 yrs at 1034cm-2s-1

Assume 220m
Pots at L1

Assume 220m 
Pots at L1

High signific. for
detectors close 
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CED H→bb using Forward Proton Tagging
The same results found by CMS/Totem

H→bb, mhmax scenario, μ=200 GeV
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Level 1 Trigger for CED
FP420: cannot be put directly into L1 – only in special runs with larger L1 latencyFP420: 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% 

of bb signalof bb signal
- WW signal saved by lepton triggers

RP220: Can be put into L1: A BIG added value to FP420! Very similar trigger rates

[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:

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]
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Significance for CED h→bb for 420+420
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Summary
Low Luminosity:o u os ty
- Elastic and σtot using ALFA
- Start with ratios X+gaps/X(incl), X=W,Z,jj,μμ …. Get S2

- Soft Diffraction using ALFASoft Diffraction using ALFA
- SD dijet and W production, dijets in DPE and CED 
- Gaps between jets as a probe of color singlet exchange
- Exclusive dimuon production in γγ collisions tagged with forward rapgapsExclusive dimuon production in γγ collisions tagged with forward rapgaps
- Photon-induced processes useful for checks of CED predictions

High Luminosity Upgrade:High Luminosity Upgrade:
Possible upgrade to install forward proton taggers at 220 and 420 m from IP
- Provides a good mass measurement of new physics

pp p+(γγ μμ)+p as excellent tool for absolute calibration of FP420- pp→p+(γγ→μμ)+p as excellent tool for absolute calibration of FP420
- pγ→Yp will help to calibrate and align forward taggers
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B A C K U P   S L I D E S
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Acceptance for RP220 and FP420 at ATLAS 
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