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Outline

Ø  Introduction    
 
 
Ø Measurement of Exclusive           production in pp 

collisions (2017: arXiv:1706.08310v1 [hep-ex]; Submitted to Phys. Rev. D. )   
 
Ø Exclusive ϒ production in p-Pb at 5.02 TeV ( CMS-FSQ-13-009 )  

 
Ø Searches for                  processes and limits on 

anomalous quartic gauge couplings JHEP08 (2016) 119 

  

γγ→W +W −

π +π −

Documentation: All Forward physics results at CMS 
http://cms-results.web.cern.ch/cms-results/public-results/publications/FSQ/index.html 

p p 
q 



3 



4 

•  Pseudorapidity: η = - ln(tan(θ/2))            

CMS (Compact Muon Solenoid)
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Forward detectors at CMS
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π +π −
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High energy hadron-hadron collisions 

①  Elastic collision: hadron changes 
direction/momenta but no particle 
produced 

②  Inelastic multi-hadron production: 
Diffractive and Non-Diffractive 

 
 
③  Inelastic production: with protons 

stay intact after the interaction   
 



Exclusive Two-Photon 

 

 

 

 

 

 μ+μ-, e+ e-, W+W- …

   Elastic  Photo-Production 

ρ, J/ψ, ϒ, Z, … 

CEP: central exclusive production 

 

 

 

 

 

Χc , χb , π+π- , Dijet , 
gg, …    

Exclusive production: the protons remain intact (not detected in CMS) after the interaction and escape 
undetected along the beamline or dissociate into undetected low mass states.
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ü  QED lepton pair 
production is of  interest 
as a check/control of  
everything (including 
dissociation probability) 

ü  Photoproduction of  
vector mesons tests 
pomeron coupling 
to quark (done at 
HERA with no DPE 
background) 

ü  Test the soft pomeron 
models, and good for 
hadron spectroscopy 

Physics motivation 
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Contribution may come from exclusive sources, with large cross-sections well 
measured in previous experiments at lower energies:   

➫ Central Exclusive Production (CEP)     

                                              (hadron-hadron)    

➫ γpèρ(770)p èπ+π−p Production 
   (electron-hadron) 

Ø  Spectroscopic study: low-mass scalar resonances  

Ø  Different analysis from µµ: larger σ and larger 
background  

Physics motivation …

Ref: Nucl. Phys. B264 (1986) p. 154 
(hadron-hadron) 
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v  The first measurement at the LHC from the non-resonant continuum and from possible 
decays of various low-mass meson resonances 

v  Exclusive production of hadrons at central rapidities phenomenologically described in 
terms of “DPE” Double pomeron exchange when the mass of central system is low 

v  Since the pomeron constituents are mainly gluons, DPE is an excellent channel for 
productions of glueballs  

v  It provides better understanding of physics of pomeron exchange (nonperturbative, model 
dependent process)  

Experimental signature

Signal 

Background 

v Data: L= 450 µb-1  (2010 @ 7 TeV) at low pileup ~ 1 inelastic pp interaction/BX  

v MC:  
v  DPE: PYTHIA with MBR (renormalized pomeron flux)  

v  DIME: Durham MC for the exclusive process 

v  STARLIGHT: uses equivalent photon approximation and 
parametrisation of rho production from HERA  
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Experimental signature

v  Event selections:   

 

v  M(π+π-) up to ~ 3 GeV/c2 with differential 
and total dipion cross section for single 
pion with pT > 0.2 GeV/c and |y| < 2 

v  Two oppositely charged tracks  

v  Rejection of non-exclusive events:  

v  no additional tracks and no activity in 
the calorimeter above the noise 
threshold 

v  No events with more than a single pp 
interaction vertex (pile-up) 

v  CEP of same-sign pairs forbidden by 
charge conservation  



Data-driven estimate of background
Background control region

 Ø  Signal: Distribution of multiplicities of the calorimeter 
towers above the noise threshold, Nextra, where  

    Nextra= 0 is the signal region 
 
Ø  Residual Multihadron Background (RMB): 
 

ü  Use “data-driven” method  
ü  Nextra > 1 contains neutral and charged particles 

out of the tracker acceptance (mainly in HF 
detector) 

ü  Use the sample with all cuts applied, but 
require 2 <  Nextra < 10 in which RMB is well 
described by the negative binomial distribution 
(NBD) 

ü  Extrapolate the fit down to Nextra = 0, and 1, to 
provide reliable estimation of the background  

12 

(ECAL, HCAL, HF: towers)extraN
0 5 10 15 20

Ev
en

ts
 

0

1000

2000

3000

4000

5000

6000

7000

8000 Data: OS
Data: SS
NBD fit: OS [2,10]
NBD fit: SS [2,10]

-1bµ = 450 int = 7 TeV, LsCMS pp at 

 

] 2) [GeV/cππM(
0 0.5 1 1.5 2 2.5 3

])2
Ev

en
ts

/(5
0 

[M
eV

/c

0

50

100

150

200

250

300

 = 1 extraData OS: N

Signal

Background

-1bµ = 450 int = 7 TeV, LsCMS pp at 

 

Obtained by 
scaling the 
events in the 
region [2,10] 
according to the 
predictions by 
NBD for Nextra = 0  Nextra = 0 (signal) and Nextra = 1 (add 19% to the  signal) 

events are compatible, both included in the total cross 
section measurements    



Results (cross section)

•  pT(π) > 0.2 GeV/c and |y(π)| < 2  

•  Data compared to the predictions which is 
50% larger than PYTHIA8 and DIME 
predictions; adding STARLIGHT then 35% 
larger (Here: Dime & STARLIGHT are 
stacked)  

•  PT distribution with larger average pT and 
higher tail above pT > 0.5 GeV/c than 
predicted by the models (suggesting the 
presence in the data of semi-exclusive 
production with proton dissociation)  

•  MC does not include the effect of low-mass 
proton dissociation and specific 
resonances production decaying into a 
pion pair  

•  The shaded blue band shows the overall 
systematic uncertainty, and the thin error bar 
indicates the statistical uncertainty  
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v  The first study of Upsilon in p-Pb ultra peripheral collisions  

v  Ions interact via photons, appearing as bound state after interacting with the gluon field of the 
target proton (ion) 

v  Photoproduction γ mesons off protons is sensitive to the gluon density in the proton squared 
for the kinematic region 

v  The gluon density is probed in the proton in an unexplored region of low x 

 

v  Objective: photon is emitted from the Pb ion  

p

Pb

p

Pb

γ
b

 b
g g

Υ

p

Pb

p

Pb

-µ

+µ

γ

γ
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Physics motivation

Signal 

Background 

v Data: L= 32 nb-1 of  pPb collisions in (2013 @ 5.02 TeV) 

v MC:  

v   STARLIGHT: used for both signal and 
background which uses  equivalent photon 
approximation (EPA) with an empirical fit of the 
exclusive vector meson photoproduction cross 
sections to the existing HERA γp data  

pPb→ γp( )→ pPbϒ nS( )

x ≈M2
ϒ / W

2
γp ≈10

−4 −10−2
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Event Selection
 
v  Pair of opposite-sign muons originating from same primary 

vertex  

v  No extra tracks at dimuon vertex, meaning the suppression 
of non-exclusive background  

v  Dimuon invariant mass 9.12 < Mµµ < 10.64 GeV 

v   pµ
T > 3.3 GeV/c; |ηµ| < 2.2  

v  HF energy threshold of 5 GeV, no energy deposits in HF 
calorimeter 

v  For ϒ: 0.1 < pT < 1 GeV/c to suppress QED and non-
exclusive background, and |y| < 2.2 to ensure high 
efficiency for detecting µ 
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Cross section extraction

 

v  The signal event in STARLIGHT assumes an exponential dependence on the four-
momentum transfer squared at the proton vertex, exp-b|t| with slope b = 4 GeV-2, and 
a power law dependence on the cross section on the photon-proton center-of-mass 
energy (Wγp)δ with δ = 1.7, from HERA data. These two parameters were tuned to 
reproduce the data by using a reweighting procedure, to minimize difference 
between Data and MC 

v   Data-driven method is used to obtain the background 
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v  Nϒ(nS) number of signal events after 

background subtraction, unfolding and 
corrections for acceptance 

v  Fitted with N exp(-b|t|) 

v  Measured in t ~ pT
2 with |y| < 2.2 
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Results

v  The cross sections at the value W0 for the 
center-of-mass energy Wp (corresponding to 
the average pseudorapidity over a bin, <y>) 

v  Fit of the CMS data to a power function 
disfavor a faster increase with energy as 
predicted by LO pQCD models 

Φ= photon flux 
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γγ→W +W −
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Physics motivations
 

v  The exclusive production of W pairs is sensitive to 
anomalous quartic gauge couplings (aQGC) 

v  The electro-weak sector of Standard Model predicts 
QGC 

v  Any deviation from SM expectations can reveal a 
sign of new physics 

v  Objective: Measure SM cross section and look for 
aQGC 

pp→ p(*)(γγ→W +W − → e±µ ∓υυ
−

)p(*)
Method: 
•  search for                                                                  events (p(*): Elastic + Inelastic contributions ) 

•  using central CMS information only: 

•  track-based exclusivity condition to enhance two-photon production process 

•  detect deviations on production rate to probe anomalous couplings  

u-channel Quartic 
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Event selection

 
v  Studying the production at      = 8 TeV and 7 TeV 

 

 Selection:  
•  Require opposite charge electron-muon pair 

•  No extra tracks at eµ vertex  

•  pT(eµ) > 30 GeV (to suppress DY, ϒϒ->tau-tau) 

•  m(eµ) > 20 GeV (to reduce the low mass resonances) 

•  Experimentally, proton dissociation factor does not vary as a function of m(µµ) threshold:  

•  pT(eµ) > 30 GeV (SM) 

•  pT(eµ) > 100 GeV aQGC 

 

s



JHEP 07 (2013) 116  

•  Production of two photons of WW pairs is sensitive to 
Anomalous Quartic Gauge Couples (AQGC).  

Exclusive γγ èW+W- production   

10-Oct-13	 22 
Consistent with SM; the observed significance of 7 & 8 TeV is 3.4σ 



Exclusive γγ èW+W- production…   
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AQGC would increase  
Yields at high pT (pair)  
And No extra event found.  

Two orders of magnitude 
Improvements over LEP reach 

•  Used the pT(eµ) distribution to search for 
anomalous quartic gauge couplings   

•  CMS has the most stringent World limits on 
Quartic gauge couplings and it is ~100 times 
stronger than LEP results.  

The exclusion region of the AQGC with lambda cut off of 
500 GeV 

 
1-D limit obtained for each parameter from 7 and 8 TeV 

combination, with other parameters fixed to zero.  
 



Summary
 

q  Exclusive            production in pp @ 7 TeV 
•  The first measurement at the LHC  
•  Differential and integrated cross sections extracted at 7 TeV in phase space of pT(π) > 

0.2 GeV/c, |y(π)| < 2.0:   σπ+π- = 26.5 ± 0.3 (stat.) ± 5.0 (sys.) ± 1.1 (lumi) µb 
•  The invariant-mass spectrum shows some features not included in the purely non-

resonant predictions.  
 
 

q  Exclusive Υ production in µ+µ- decay mode in  UPC @ 5.02 TeV  
•  First observation of Υ photoproduction in the pPb system 
•  Fit of the CMS data to a power function disfavors a faster increase with energy as 

predicted by LO pQCD models.  
 
 
q  Exclusive                         production and constraints on aQGC in pp @7 and 8 TeV 

•  2 events observed at 7 TeV , 13 events observed at 8 TeV in SM region 
•  The observed yields and kinematic distributions are consistent with the SM prediction 

with a combined significance over the background-only hypothesis of 3.4σ 
•  Search for aQGC- The most stringent limit so far, no indication of aQGC found. 
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