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ÁTheory of elastic pp (gg) ­ pp X interactions 
 

Ág - IP interactions in pp (LHCb results and STARLIGHT MC generator) 
 

ÁProton finite size effects (or "absorbtive corrections") 
ÁInterpretation of CMS data 

Ágg ­?+?- (and/or  gg ­ W+W-) 
 

ÁSemi-elastic and double dissociative gg interactions 
ÁForm-factors and Photon PDFs 
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Theory: elastic pp (gg) ­ pp X  
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Chen et al., Phys.Rev. D7 (1973) 3485-3502. 

Budnev et al., Nucl.Phys. B63 (1973) 519-541. 

 

The cross section for this process is calculated: 

 

(1) Using the number of equivalent photons (EPA) 

by integration over the whole virtuality range: 

 

 

 

 

 

Integrand contains the proton EM form factors 

(calculations originally done by Chen, Terazawa, et al.  

for gg ­ m+m- process) 

 

(2) EW gg ­ X cross section. Note: letting ŬEM running  

wrt some scale (mass of the system???) is wrong.  

Here the photon virtualities are very smallé 

 

 
MC generators: HERWIG++, LPAIR, STARLIGHT, FPMC, é 
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ÁSome cross sections ŦƻǊ  Ҟǎ Ґ мо TeV 
ÁO(pb) for Wgg > 10 GeV (gg ­ ?+?-) 

ÁO(fb) for Wgg > 200 GeV (gg ­W+W-) 

 

Theory: elastic pp (gg) ­ pp X  
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g - IP interactions in pp 
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ÁLHCb measurement: 9ȄŎƭǳǎƛǾŜ Wκ˕ ŀƴŘ ˕όн{ύ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǇǇ collisions 
ŀǘ ҞǎҐт TeV (Updated)  (J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002.) 

Á930 pb-1 of data;  2.0 < ́ <˃ 4.5 

 

 

 

 

 

ÁSTARLIGHT includes absorbtive correction treatment όǊ Ғ лΦур-0.9 in this 
invariant mass range) 

Ár(y) = 0.85 -  0.1|y|/3 assumed in the analysis 

ÁSome approximations done in STARLIGHT: unable to use it for higher 
invariant masses (S. R. Klein and J. Nystrand, Phys. Rev. Lett. 92, 142003.) 

ÁNo proton magnetic form-factor included  
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Proton finite size effects 
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ÁMany of the MC generators (HERWIG++, LPAIR, FPMC) for pp (gg) ­ pp X 

do not include the requirements that the: 
ÁProtons should remain intact  

(strong absorption correction) 

ÁPhotons have to be emitted coherently from the 
proton (finite transverse size of the proton) 

ÁFormalism (quite standard in HI collisions): 
MD and Laurent Schoeffel, Phys. Lett. B (2014) 
doi:10.1016/j.physletb.2014.12.019 

- Spectrum of the photons from the  
proton can be written in the impact  
parameter space (via Fourier transform): 

 
 

http://dx.doi.org/10.1016/j.physletb.2014.12.019
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Proton finite size effects 
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ÁNo overlap -> photon spectra no longer factorize: 
 
 
 
 

ÁThe pp (non-inelastic) interaction probability can be obtained from the 
pp elastic scattering amplitude ɱόs,b)  
(L. Frankfurt, C. E. Hyde, M. Strikman and C. Weiss,  
Phys. Rev. D 75 (2007) 054009.) 
-> with BDL: Pnon-inel = |1 ς exp(-b2/2B)| 2 

 

 

 

 

ÁA reduction of the exclusive 
cross section is expected 
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ÁUsing this formalism, a proton survival factor (or absorbtive 
correction) can be introduced: 

 

 

 

 

ÁThe general dependence is 
wrt x1,2 of colliding photons 

 

ÁCan be convoluted with MC 
events (reweighting) 
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Proton finite size effects 
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ÁStrong dependence on photon-photon invariant mass 
 

ÁSmall dependence on  
rapidity of the system 
(for smaller inv. masses) 
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7 TeV CMS gg ­ +˃ -˃ analyses region  
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ÁRecent photon-induced reactions measurements in pp collisions at CMS: 

Á1) Exclusive gg ­ mm  production in pp collisions at Ҟǎ Ґ 7 TeV; 
JHEP 1201 (2012) 052.  -> 2010 data, 40 pb-1; pp ­ pp m+m- cross section 
 

Á2) Search for exclusive or semi-exclusive photon pair production and 
observation of exclusive and semi-exclusive electron pair production; 
JHEP 1211 (2012) 080. 
 

Á3) Study of exclusive gg  production of W(+)W(-)   
at Ҟǎ Ґ 7 TeV and constraints on anomalous  
quartic gauge couplings; 
JHEP 1307 (2013) 116. 

Á2011 data, 5 fb-1; Best limits on anomalous  
couplings (QGC) are obtained 

ÁBenchmark using  gg ­ mm events 

 

Interpretation of CMS data 
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ÁExclusive gg ­ mm production in pp collisions at Ҟǎ Ґ т TeV 

ÁKinematic region: Mmm > 11.5 GeV, pTm > 4 GeV and | ḿ|< 2.1 

ÁLog-likelihood fit  on exclusive 
and semi-exclusive yields (LPAIR) 
to get the exclusive cross section 

ÁCross section: 

p̀p (gg) ­ pp mm = 3.38 ҕ 0.58 (stat.) 
 ҕ 0.16 (syst.) ҕ 0.14 (lumi.) pb 

ÁData-theory (LPAIR) signal ratio: 
0.83 ҕ 0.15 
 

ÁOur predictions for proton  
survival factor: 
╢ = 0.84 (Mmm > 11.5 GeV, |ymm|< 2.1) 
 

 

Interpretation of CMS data 
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ÁStudy of exclusive gg  production of W(+)W(-) at Ҟǎ Ґ т TeV and 
constraints on anomalous quartic gauge couplings 

Ágg ­ mm as a benchmark for exclusivity selection validation 

ÁKinematic region: Mmm > 40 GeV, pTm > 20 GeV and | ḿ|< 2.4 

ÁObservation: Expected exclusive yield is 10% smaller in data 
-> ╢ Ғ лΦтр in this kinematic region 

 

ÁOur predictions for proton  
survival factor: 
╢ = 0.76  
(Mmm > 40 GeV, |ymm|< 2.4) 
 

 

 

Interpretation of CMS data 
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ÁStudy of exclusive gg  production of W(+)W(-) at Ҟǎ Ґ т TeV and 
constraints on anomalous quartic gauge couplings 

Ágg ­ mm events used to determine an effective, observed "luminosity" of 
two-photon interactions at high energies relevant for W-pair production  
-> simply taking the ratio (Data - MCDY )/MCelastic for Mmm > 160 GeV 

ÁNot a clean way to proceedΧ Some reasons: 
ÁElementary cross section shape d /̀dWʴ ɹ 

is very different for gg ­ mm and gg ­ WW 
-> Proton survival factor is different, even if  
the same kinematic domain is studied 
 

ÁDifferent lepton kinematic distributions 
for elastic and dissociative reactions 
 

ÁDifferent contributions from NLO effects  
(e.g. QED FSR) 

 

 

Interpretation of CMS data 
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ÁA family of interactions, including photon-proton inelastic reactions 

 

 

 

 

ÁTwo (alternative) ways of description 
ÁPhoton-proton inelastic Form Factor (e.g. Suri-Yenni FF in LPAIR + JETSET) 

- proton dissociation -> forward resonance(s) production 
- adequate for small Q2 

- does not guarantee correct dependence at large Q2 

 

ÁPhoton-PDF approach (like NNPDF2.3QED incorporated with PYTHIA8) 
- should be relevant for higher Q2 

- PYTHIA recombination scheme used for forward resonance production 

 

Photon-induced reactions 
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(Very simplified schemeé) 



M. Dyndal 

-8 -6 -4 -2 0 2 4 6 8

 d
N

/d
e

v
1
/N

0

0.05

0.1

0.15

0.2

0.25

Pythia8 (double diss.)

Photon-induced reactions 

16 December 2014 15 15 

 
 

ÁPseudorapidity distribution of 
particles produced in the  
proton(s) fragmentation 

ÁLPAIR + Inelastic FF ς> 
Áɲ+ (ɲ++) resonances produced 

for the low-mass system 
->low multiplicity fwd states 

ÁFor higher masses, multiple 
resonance production 

ÁPYTHIA8 + Photon-PDF ς> 
ÁIncludes also ɔ-▲Ⱦ▲ interactions  

+O(h S) corrections 

ÁProduction of particles also in 
the central direction 
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Photon-induced reactions 
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ÁO(h S) corrections to the gq ­ q process should have to be also 
considered 
 

 

 
 
Initial state radiaiton   Final state radiaiton Quark pair production 
  
      Ғ пл҈ contribution to the double-dissociative cross section (PYTHIA8) 

ÁEnhancement of the cross section (diss part) 

ÁIncreased underlying event activity in the central detector 

ÁTotal cross section comparison: (M˃˃ > 20 GeV, pT  ˃> 10 GeV, | ʹ˃| < 2.5) 

 

a ) b ) c )

+ MRST2004QED 
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ÁCMS data interpretation  (dissociative  
selection) -> LPAIR overshoots the data  
at higher pT(mm) values             -> 

ÁTesting different approaches  
(and different Photon-PDFs!) 
LPAIR vs PYTHIA8; MRST2004QED vs NNPDF2.3QED 

Photon-induced reactions 
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Nucl.Phys. B877 (2013) 290-320.  
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ÁThere is a strong physics case of pp (gg) ­ p(*) p(*) X interactions 

Á(Usually) simpler final states + small theory (QED) uncertainties 
ÁA crucial role of proton finite size effects: some advances in photon-

photon interactions have been made 
ÁIn itself (EWK) and to reach searches domains 

ÁWith a difficult and subtle problem of what is the radius of proton (or HI) 

ÁDirect application: Luminosity determination using exclusive gg ­ ?+?- reactions 

ÁHowever, smaller cross-sections for higher invariant masses   
->  HI collisions? The trade off between pp and PbPb: the maximum 
energy of photons: ɹ/R favors pp for high mass objects, while the Z4 
factor in PbPb cross section reaches 4.5e7... 

ÁPhoton-induced reactions as a source of background for many 
EWK analyses (low, high-Ƴŀǎǎ 5¸Σ ˒ϝκpT(Z) measurement, Χύ 

ÁA clear need for precise photon-PDF (currently, O(50%) uncertainty in 
bbt5CнΦоv95Χύ 

 

Conclusions 
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Backup 
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Projections for Ҟǎ Ґ мо TeV  
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CMS Preliminary

= 2.76 TeV
NN

s Pb+Pb+J/Pb+Pb 
-1b = 159 intL

Cross section for photon-nucleus collisions is proportional to Z2 

The coupling  ҞhEM -Ҕ ½ҞEhM (higher-order terms become important) 

ÁExclusive J/Psi in Pb-Pb: 
ÁEur. Phys. J. C 73 (2013) 2617 

(ALICE "barrel" J/Psi   + gg ­ ee) 

ÁPhys. Lett. B 718 (2013) 1273 
(ALICE "forward" J/Psi) 

ÁCMS-PAS-HIN-12-009  
(CMS coherent J/Psi + neutrons) 

ÁData favors models that incorporate  
nuclear shadowing 

ÁAccompanied neutron(s) emission 
-> even more precise tests 

 

 

 

The case of HI collisions 
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Cross section for photon-photon collisions is proportional to Z4 

Maximum photon energy approximately given by ɹ κbmin  

-> Maximum Wʴ ɹҒ мсл GeV for Pb-Pb at ҞsNN = 5.5 TeV 
-> Maximum Wʴ ɹҒ н TeV for p-p at Ҟs = 14 TeV 

 

Ágg ­ ee from ALICE  

ÁData Ғ 20% above the STARLIGHT predictions 

-> higher order terms in h EM are important here 

The case of HI collisions 
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