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All Forward Physics Results at CMS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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CMS Detector
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Exclusive                   Production 
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CMS PAS FSQ-12-010

• The measurements of the two-photon production of WW pairs are sensitive to Anomalous Quartic Gauge 
Couplings (AQGC).

• Previous exploratory studies (“exclusive” two-photon production of lepton pairs) indicated the potential for 
extending the experimental research limit beyond LEP results. 

• Existing sensitivity studies performed in the scenario of Forward Detectors upgrade  for CMS 
(Nucl.Phys.Proc.Suppl. 179-180 (2008) 257-264) and ATLAS (Phys. Rev. D81(2010) 074003);

Motivations

• These processes involve two triple coupling (TGC) vertices involving t-channel W boson exchange.

• Sensibility to TCG’s and QGC’s limited, given the LHC/LEP limits.

Published in the Journal 
of High Energy Physics 
as JHEP07(2013)116.
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• 2011 data collected corresponding to an integration 
luminosity of 5.05 fb-1 at 7 TeV (moderate: PU~10)

• Criteria of Exclusivity: no extra tracks associated to 
electron-muon vertex

•           events used as benchmark in efficiencies 
studies and PU determination

• SM region selection:  N(extra tracks) 0 and    
 
•                      -search region:  N(extra tracks) 0 and

�� ! µ+µ�

pT (µe) > 30 GeV

Exclusive                   Production �� !W+W�

CMS PAS FSQ-12-010

pT (µe) > 100 GeV�� !W+W�

Exclusive �� ! µ+µ� Production 

Exclusive Production �� ! e+e�
CMS FWD-10-005, J. High Energy Phys.01 (2012) 052

CMS FWD-11-004, J. High Energy Phys.11 (2012) 080

See backup slides!

N(extra tracks)=0pT (µe) > 30 GeV
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N(extra tracks)=0

2 events observed 

N(extra tracks)=1-6

Final Signal: 2.2 ± 0.5 ; Background: 0.84 ± 0.13

The observed upper limits, estimated using 95% CL 
for SM signal region, are: 

1.1�

(3.8 ± 0.9) fb
Significance:
SM prediction

Contributions from proton dissociation 
(inelastic) in two-photon production 
are included.

(CS x BR)

Exclusive                   Production �� !W+W�

CMS PAS FSQ-12-010

Published in the 
Journal of High 
Energy Physics as 
JHEP07(2013)116.



pT (µe) > 100 GeV

N(extra tracks)=0

 Two orders of magnitude 
improvements over LEP reach.

Exclusive                   Production �� !W+W�

CMS PAS FSQ-12-010
AQGC would increase 
yields at high pT(pair) and 
No extra event found.

9

Published in the Journal 
of High Energy Physics 
as JHEP07(2013)116.
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Soft Diffraction Cross Sections
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CMS-PAS-FSQ-12-005
• First measurement of the inclusive diffractive cross section

• Using Large Rapidity Gap (LRG) signatures

• SD and DD separated with CASTOR (�6.6 < |⌘| < �5.2).

• Analysis based on 2010 data with Low PU

• Minimum Bias Trigger (hit in either BSCs)

• Based on Particle Flow (PF) objects (tracking + calorimetry)
• At least 2 PF in BSCs acceptance region  

• No vertex requirement (to retain                    )
(3.2 < |⌘| < 4.7).

MX < 100 GeV

Minimum Bias Samples in central CMS detector (4.7 < |⌘| < �4.7).

MC simulation: 
- PYTHIA8-4C: diffraction with Schuler&Sjostrand model from PYTHIA6 (Tune 4C is additional scaling of SD and DD)
-PYTHIA8-MBR: diffraction with Minimum Bias Rockefeller model(http://indico.cern.ch/conferenceOtherViews.pyview=standard&confId=184925)

(12 < MX < 394 GeV )�SD
vis = 4.27± 0.04(stat.)+0.65

�0.58(syst.)

�DD
vis = 0.93± 0.01(stat.)+0.26

�0.22(syst.) (�⌘ > 3, MX > 10 GeV,MY > 10 GeV )

For single diffractive events!

Proton fraction 
momentum loss.

http://indico.cern.ch/conferenceOtherViews.pyview=standard&confId=184925
http://indico.cern.ch/conferenceOtherViews.pyview=standard&confId=184925
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• Inclusive differential xsection for events with a  largest forward rapidity gap 

• Data has to be corrected for background of circulating beams and for bin migration and fake/miss events with 
the Bayesian unfolding method
• Unfolded and fully corrected differential cross section of the forward rapidity gap size

• Total systematic uncertainty is 20 % (shown with a green band)
• Good description using  PYTHIA8-MBR

CMS, L = 20.3 µb−1

MinBias, PYTHIA8-MBR (ϵ = 0.08)
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Soft Diffraction Cross Sections
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CMS-PAS-FSQ-12-005

• Hadron level definition in each measurement: CMS and ATLAS
• The CMS results has a good agreement with ATLAS studies 

Comparison between CMS and ATLAS results

CMS, L = 20.3 µb−1

ATLAS, L = 7.1 µb−1

10−1

1

10 1

10 2

CMS Preliminary,
√

s = 7 TeV, L = 20.3 µb−1

d
σ

/
d

∆
η

F
[m

b
]

0 1 2 3 4 5 6 7 8
0.4

0.6

0.8

1

1.2

1.4

1.6

∆ηF

A
T

L
A

S
/

C
M

S
+0.4 units  of 

gap size
|⌘| < 4.7
|⌘| < 4.9



Outline

• CMS experiment

•  Exclusive Physics Process

• Exclusive 

• Soft Diffraction Cross Sections

• Measurement of the Inelastic Proton-Lead Cross Section

• High-pT Jets with Two Leading Protons @ CMS-TOTEM

14

�� !W+W�



Inelastic Proton-Lead Cross Section
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CMS-FSQ-13-006

Measurement of Inelastic proton-lead cross section and comparison with 
model predictions: Glauber approach* (implemented on MC generator 
HIJING) or Gribov-Regge framework (EPOS-LHC, QGSJETII-04)

p-Air inelastic xsection with Pierre Auger 
Observatory @57TeV - Glauber model extended  
by inelastic screening to calculate pp xsection and 
large uncertainties
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Ultra-peripheral proton-nucleus interactions

•   Measurement of the hadronic Inelastic xsec. by an event counting method   
•   Photo-nuclear collisions are excluded from measurement
• Equivalent-photon approximation handled by Starlight generator 
combined with DPMJET or PYTHIA

pp Inelastic Cross Section @ 7 TeV  
measured by several LHC experiments.

Phys. Lett. B, 722 (2013)

Phys. Rev. Lett. 109, 062002

*Phys. Rev. C 81, 025204

Presented on 
PANIC2014 
parallel talk on 
Tuesday
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Event Topology

Illustration of a single-diffractive event where the 
proton disintegrates and three particles (dashed 
lines) are within the acceptance of the HF 
calorimeter. The particle with the highest energy 
(dotted line) determines EHF.

pPb Cross Section Analysis

Determination of inelastic xsec counting the 
number of inelastic events by luminosity:

To extract visible xsec, corrections were applied for:   

➡Detector noise
➡Pileup contribution

➡Electromagnetic events

Xsection extrapolated to the full phase 
space

single-arm double-arm

Event Selection
★ ZeroBias Data (trigger on beam presence only)
★ Highest signal for a tower in the HF calorimeters EHF

• single-arm/without coincidence (of eta+ and eta- side)
• double-arm with coincidence 

CMS-FSQ-13-006



Inelastic Proton-Lead Cross Section
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MC Diffractive Events

single-arm double-arm

Single-diffractive where the lead ion (SD1) or the proton (SD2) dissociates, 
double-diffractive (DD), central-diffractive (CD), and non-diffractive (ND) events

➡EPOS-LHC xsec(diffractive) 1.12 to match ratio in data
➡QGSJETII-04 is very similar but less for DD (1.15 xsec(diffractive) needed to get ratio seen in data)
➡HIJING does not have diffraction for pA included

Visible hadronic 
(SD/DD)

CMS-FSQ-13-006



Inelastic Proton-Lead Cross Section
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CMS-FWD-13-006

single-arm

single-arm

double-arm

double-arm

➡Selection efficiency for diffractive and non-
diffractive events worse for double-arm 
selection

➡Visible cross section for noise events and 
photo-nuclear events passing the selection

Corrections



Inelastic Proton-Lead Cross Section
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Corrections

➡Visible xsection and visible 
(EM subtracted) xsec. are 
different because they have influence 
of EM contribution and acceptance

➡E x t ra p o l a t e d h a d ro n i c 
inelastic xsec. are 4mb

CMS-FSQ-13-006



Inelastic Proton-Lead Cross Section
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Corrections

➡Visible xsection and visible 
(EM subtracted) xsec. are 
different because they have influence 
of EM contribution and acceptance

➡E x t ra p o l a t e d h a d ro n i c 
inelastic xsec. are 4mb

CMS-FSQ-13-006



Inelastic Proton-Lead Cross Section
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Corrections

➡ A prediction of the Glauber theory is compatible with 
result of these studies
• screening corrections and anti-screening effects are same 
magnitude but opposite in sign
➡ QGSJetII-04 (based on Gribov-Glauber approach) slightly 
above uncertainty of data
➡EPOS-LHC (enhanced with energy sharing of nucleons) 
compatible with data

CMS-FSQ-13-006
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• Measurement of the exclusive two-photon production of WW pairs in pp 
collisions at 7 TeV, based on samples of events collected during 2011 physics runs. 

• Provide unique sensitivity to anomalous quartic couplings of the gauge bosons 
(AQCG). Extending the experimental reach by several orders of magnitude with 
respect to the best limits so far obtained at LEP.  

•  Inclusive SD and DD diffractive cross section measured at 7TeV.  MC prediction 
are in agreements with data using several theoretical models. 

Summary

23

• The differential cross section has been measured and as a function of the 
variable ( ) that approximates the momentum loss of protons in diffractive 
events.

⇠

• Hadronic inelastic cross section measured with the CMS experiment in pPb 
collisions at 5.02 TeV



Extra Slides
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General Information
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LHC Experiment
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CMS Detector
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|⌘| < 3.0
|⌘| < 5.0

|⌘| < 2.4 , pT< 100 GeV

|⌘| < 2.4
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Forward detectors 

HF: 3.0 < |⌘| < 5.0

|⌘| ⇡ 6� 8
HF

BSC*

BSC*: Beam Scintillator Counters 
(in front of HF) 3.2 < |⌘| < 4.7



CMS PAS FSQ-12-010
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CMS-PAS-FSQ-12-005
Extra slides
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Soft Diffraction Cross Sections

CMS-PAS-FSQ-12-005

•The topologies can be defined based on the position of 
the LRG in the central detector

•Forward gap is defined in terms of the highest or 
lowest pseudorapidity of PF object in the central 
detector for single dissociative events

•Double dissociative events: central gap is defined in 
terms of the closest-to-zero η of PF object on the 
positive or negative η-side of the central detector

Experimental Topologies of Diffractive Events

SD1-type events will be treated in a control 
sample, while SD2-type events will be 
used to estimate the diffraction xsection

⌘

+
region

⌘

�
region


