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Outline:	

•  LHC & CMS Detectors (central and forward)	

•  Exclusive di-hadron production in pp @7TeV [1] 	

•  Exclusive Υ production in p-Pb @5.02 TeV [2]	

•  Evidence of exclusive W+W- production @7 & 8TeV [3]	

•  Summary	

[1] CMS PAS FSQ-12-004 	
[2] CMS PAS FSQ-13-009 	
[3] JHEP08(2016)119 	
	
All CMS results of Forward and Small-x QCD Physics group can be found in the links below:	
hUp://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FSQ/index.html	
hUp://cms-results.web.cern.ch/cms-results/public-results/publications/FSQ/index.html	
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Large Hadron Collider @ CERN	
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Geneva Airport	
Leman Lake	

CERN	 Cessy - France	

pp @7TeV and 8TeV	
pPb @5.02TeV	
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The CMS central & forward detectors	

IP 

|η|< 3.0 
|η|< 5.0 

|η|< 2.4 
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Forward Region: 
|η| from 3.0 to > 8.4 
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Forward Region - The CMS & TOTEM Collaborations  
(both sides)	

Zero Degree Calo	
|η|>8.4	 Totem (T2) 

5.2 < |η| < 6.5	

Hadronic Forward**	
3.0 < |η| < 5.0	 Totem (T1) 

3.1 < |η| < 4.7	

TOTEM RPs	
(147m, 220m)	

Beam Scintilator Counters   (BSC)** : 3.0 < |η| < 5.0	
Forward Showers Counters (FSC)    : 6.0 < |η| < 8.0	

6.6 < |η| < 5.2	
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Exclusive and semi-exclusive π+π- production in pp @7 TeV 	

•  The first measurement at the LHC from the non resonant continuum and from possible 
decays of various low-mass meson resonances;    	

•  Motivation: gluons are the main Pomeron constituents => excellent channel for 
glueballs production; beUer understanding of Pomeron exchange physics (non-
perturbative model-dependent process)       	

•  Signal : p p -> p(p*) + π+π- + p(p*)  dominated by Double Pomeron Exchange (DPE)	
•  Background: exclusive ρ-meson photoproduction with ρ -> π+π-;  γγ -> π+π-  (very small)	
•  For DPE: PYTHIA 8.165 with MBR (renormalized pomeron flux model) and with 4C 

(rescaled Schuler and Sjöstrand model); also Durham Dime MC for the exclusive 
process;	

signal	 background	

•  For Background: STARlight v.110 that uses EPA and parametrisation of ρ production 
XS from HERA;	

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

CERN-EP-2016-261	
Submiied to arXiv 
and Phys.Rev.D	

t-channel 	
non-ressonant 
continuum	

s-channel 	
scalar & 
tensor 
meson 
resonances	

MBR – minimum bias Rockefeller model 	
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Exclusive and semi-exclusive π+π- production in pp @7 TeV 	

Event selection: 	
•  M(π+π-) up to ≈ 3 GeV/c2 with differential and 

total dipion XS for single pion with pT > 0.2 
GeV/c and |y|< 2	

•  two charged-particle tracks (standard high-
purity track selection*) from a common point 
on the beam line;	

•  Non-exclusive rejection: no additional tracks 
and no activity in the calorimeters above the 
noise threshold**; no events with more than a 
single pp interaction vertex (pile-up);	

*it reduces number of false tracks based on information of number of hits, normalized χ2, and the transverse and longitudinal 
impact parameters of the tracks	
**the noise thresholds depend on the calorimeter region, assuming values from 0.52 GeV (in the Ecal Barrel , EB ) up to 4 GeV (in 
the Hadronic Forward, HF)	
*** where two or more charged particles are not detected or do not pass the reconstruction criteria. 	
	

•  two selected tracks are required to intersect at a 
vertex with |z| < 15 cm from the center of the 
detector;	

•  CEP of same-sign pairs forbidden by charge 
conservation => used as control sample for 
“residual multi hadron” backgrounds***.	
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Exclusive and semi-exclusive π+π- production in pp @7 TeV 	

Background estimation:	
•  Data driven method 	
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Distribution of the multiplicities of calorimeter towers 
above noise thresholds, Nextra, with clear increase in 
the #events for π+π- for Nextra = 0 (signal region)	

•  Residual Multihadron Background (RMB): acc MC,  
Nextra > 1 contains neutral and charged particles out of 
tracker acceptance (mainly in HF detector); in the 
range 2 < Nextra < 10, RMB well described by negative 
binomial distribution (NBD) => extrapolated down to 
Nextra = 0 and 1 to provide reliable estimation of the 
RMB in π+π- signal events in this region;	

obtained by 
scaling evts in the 

region [2,10] 
according to the 
predictions by 

NBD for Nextra= 0	

Nextra = 0 (signal) and Nextra = 1 (add 19% to 
signal) events are compatible => both 
included in the total XS measurement. 	

Background in 
Nextra > 1  due 
RMB (non-
exclusive)	
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Exclusive and semi-exclusive π+π- production in pp @7 TeV 	
Results:	

pT(π) > 0.2 GeV/c ; |y| < 2	
Nextra ≤ 1	

Nextra = 0	

Nextra = 0	
Nextra = 0	

Nextra = 0	
•  50% larger than Pythia8 

and Dime predictions; 
adding Starlight then 35% 
larger;	

Differential XS after background subtractions	

•  pT distribution with larger 
average pT and a 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 effect 
o f l o w - m a s s p r o t o n 
dissociation and specific 
resonances production 
decaying into a pion pair 
=> improvements needed 
in DPE  models.	
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Exclusive Υ production in µ+µ- decay mode in UPC @5.02 TeV 	

•  First observation of Υ photoproduction in the pPb system	
•  Exchange of (quasi)real photon appearing as qqbar bound state after interacting 

with the gluon field of the target proton (ion)	
•  Motivation: photoproduction of J/ψ and Υ mesons off protons is sensitive to the 

generalized parton distributions of the proton, being approximated in terms of the 
gluon density in the proton squared for the present kinematic region:	

•  here the gluon density is probed in the proton in an unexplored region of low 
values of Bjorken x where non-linear QCD effects (gluon recombination) may 
become important, possibly leading to the saturation of the parton distribution 
functions (PDF)	

•  Signal:  photon is emiUed from the Pb ion 	
•  Data: L = 32.6 nb−1 of pPb collisions recorded in 2013 at center-of-mass energy per 

nucleon-nucleon pair 5.02 TeV;	

signal	
back	

•  STARLIGHT MC event generator 
for s ignal and background 
simulation that uses EPA with an 
empirical fit of the exclusive 
vector meson photoproduction XS 
to the existing HERA  γp  data 	
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Exclusive Υ production in µ+µ- decay mode in UPC @5.02 TeV 	

Event selection and Data-MC comparison:	
•  Pair of opposite-sign muons originating from 

same primary vertex;	
•  No extra tracks at dimuon vertex => suppression 

of non-exclusive background;	
•  Dimuon invariant mass 9.12 < M𝜇𝜇 < 10.64 GeV; 

pTm > 3.3 GeV/c; |ηm| < 2.2;	
•  For Υ :  0.1 < pT < 1 GeV/c  to suppress  QED and 

non-exclusive backgrounds, and |y| < 2.2 to 
ensure high efficiency for detecting 𝜇	

the three 
resonances 
visible	

Good agreement between 	
Data and MC	
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Exclusive Υ production in µ+µ- decay mode in UPC @5.02 TeV 	
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Cross Section extraction:	
•  The signal events in STARLIGHT assumes an exponential dependence on the four-

momentum transfer square at the proton vertex, exp-b|t| with slope b = 4 GeV-2, and 
a power law dependence on the XS 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 => see next slide;	

•  The background events are obtained from data-driven method: Data/MC events 
(integrated over the kinematic region of the analysis)  equals 1.03 ± 0.10 => 
simulation reproduces data very well!!	
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Exclusive Υ production in µ+µ- decay mode in UPC @5.02 TeV 	
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•  NΥ(nS) number of signal events after 
background subtraction, unfolding 
and correction for acceptance;	

•  fiUed with Nexp(-b|t|) ;	
•  measured in four bins of |t|= pT

2 for 
|y| < 2.2 	

	

•  The cross sections at the value W0 
for the γp center-of-mass energy 
Wγp (corresponding to the average 
pseudorapidity over a bin, ⟨y⟩)	

•   Fit of the CMS data to a power function	

disfavor a faster increase with energy as 
predicted by LO pQCD models	

Results	

Φ photon flux 
at the mean of 
rapidity bin 
(see backup 
slide)	
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Evidence for exclusive W+W- production 	

and constraints on aQGC in pp @7 & 8TeV 	

	
	
 	
	

ü  γγ→µ+µ- , e+e- : test exclusivity requirement and proton dissociation;	
	
ü  γγ→W+W- : based on Madgraph EPA; measure SM XS and look for 

anomalous quartic gauge couplings (aQGC) with dim6 and dim8 effective 
operator for γγW+W- vertex (hep-ph/9908254 & hep-ph/0606118);	

ü  Exclusive processes: events with intact protons, but here 
also accounting for proton dissociation p*	

	
ü  Clean final states with no hadronic activity =>remove 

inclusive backgrounds by requiring 0 extra tracks at 
dilepton vertex	

vanishing WWZγ

ü  p=2 (dipole FF) 	
ü  unitarity bound 	
      @ Wγγ  ~ 1 TeV	
ü  Lcutoff = 500GeV	
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Systematics	

Backgrounds, strategy & systematics	

ü  Signal: opposite-sign eµ pair (DY and γγ→ll 
backs too big in ee, µµ channels), originating 
from a common primary vertex with pT(eµ) > 
30GeV	

ü  for high-purity pp->p l+ l- p #events: 	
ü  acoplanarity < 0.01 (due small Q2 of 

exchanged photons), 	
ü  inv. mass outside MZ window, 	
ü  0 extra tracks at dilepton vertex to 

remove most of the inclusive WW back	
ü  pT(eµ) > 30GeV for supress γγ→U  	

ü  high pT(eµ) tail to look for SM exclusive WW 
and aQGC	

#evts for 19.7fb-1; opposite sign µ and e from same vertex, pT
l>20GeV, |nl|<2.4, < 16 extra tracks. 
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Expected:3.9  

Expected: 1001 
Observed: 771 

Expected: 234 
Observed: 214 

Expected: 12.7 
Observed: 11 

Evidence for exclusive W+W- production 	
and constraints on aQGC in pp @7 & 8TeV 	
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ü  0 extra tracks plot	
	
ü  In signal region (pT(µe) > 30 GeV): 

13 events observed (data) over 3.9 
± 0.5 (statistics) events expected for 
b a c k g r o u n d a n d 5 . 3 ± 0 . 1 
(statistics) expected for signal (See 
table slide 15) 		

RESULT 1: evidence for exclusive γγ → W+W− production	

ü  Excess of 3.4σ over the background only 
hypothesis, including systematics, for the 7 and 
8 TeV combination	

	
ü  XS for 8TeV: 	
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RESULT 1: evidence for exclusive γγ → W+W− production	
(signal region distributions)	

ü  Muon-electron invariant mass, acoplanarity, and missing transverse energy in the γγ → 
W+W− signal region. 	

ü  Agreement in shape	
ü  The data is shown by points with error bars, the histograms indicate the expected SM 

signal and backgrounds.	
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RESULT 2: constraints on γγWW AQCG 	

•  The area outside the contour is 
excluded at 95% CL	

•  7-16 times more stringent than 
search for WWγ and WZγ 
production at 8TeV
Phys. Rev. D 90, 032008 (2014)	

•  3-7 times more stringent than 
Vector Boson ScaUering 
approach at  
Phys. Rev. LeU. 114 (2015) 
051801)	
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Summary:	
•  Exclusive and semi-exclusive π+π- production in pp @7 TeV : 	

•  The first measurement at the LHC from the non resonant 
continuum and from possible decays of various low-mass meson 
resonances:	

•  MC does not include effect of low-mass proton dissociation and 
specific resonances production decaying into a pion pair => 
improvements needed in DPE  models.	

	
•  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 disfavor a faster increase 

with energy as predicted by LO pQCD models	
	

•  Evidence for exclusive W+W- production and constraints on aQGC in 
pp @7 and 8TeV:	
•  Excess of 3.4σ over the background only hypothesis, including 

systematics, for the 7 and 8 TeV combination	
•  The most stringent exclusion limits on aQGC to date 	
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Backup 	
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Piotr Lebiedowicz’s  talk	
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Maciej Trzebinski’s  talk	
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