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Abstract. γγ processes at the LHC provide an important opportunity to study of the new physics beyond the Standard Model 

due to the absence of the remnants of both proton beams. For this reason, we examine the sensitivity on the anomalous 𝜅𝑡𝑞𝛾 

couplings through the process 𝑝𝑝 → 𝑝𝛾𝛾𝑝 → 𝑝𝑡𝑞𝑝 → 𝑝𝑊(→ 𝑙𝑣𝚤)𝑏𝑞𝑝 (𝑞 = 𝑢, 𝑐 ;  𝑙 = 𝑒, 𝜇) at the LHC in a model 

independent way through effective lagrangian approach. We show that the most stringent limits on anomalous coupling 

parameters at √𝑠 = 14  TeV 200 fb-1 is 𝜅𝑡𝑞𝛾 =  0.007. 
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LHC’de 𝜸𝜸 Çarpışmalarında Anomal 𝒕𝒒𝜸 Bağlaşımlarının Araştırılması 

 

Özet. LHC’de γγ süreçleri, iki proton demetinin kalıntılarının olmaması sebebiyle Standart Model ötesi fiziğin incelenmesi 

için önemli bir fırsat sağlar. Bu nedenle, efektif lagranjiyen yaklaşımından geçerek model bağımsız bir yolla 𝑝𝑝 → 𝑝𝛾𝛾𝑝 →
𝑝𝑡𝑞𝑝 → 𝑝𝑊(→ 𝑙𝑣𝚤)𝑏𝑞𝑝 (𝑞 = 𝑢, 𝑐 ;  𝑙 = 𝑒, 𝜇) süreci aracılığıyla anomal 𝜅𝑡𝑞𝛾 bağlaşımları üzerine duyarlılığı inceliyoruz. 200 

fb-1 is √𝑆 = 14  TeV anomal bağlaşım parametreleri üzerine en sınırlayıcı limit 𝜅𝑡𝑞𝛾 =  0.007 olarak elde edileceğini 

gösteriyoruz. 

Anahtar Kelimeler: LHC, üst kuark, anomal bağlaşım 

 

I. INTRODUCTION 

The top quark, which was discovered at the Tevatron in 1995 [1], completed the three family structure 

of the Standard Model (SM) of particle physics and therefore opened the new area of the top quark 

interactions. Top quarks are produced either singly via the weak interaction or in pairs dominantly via 

the strong interaction at hadron colliders [2-6]. Therefore, examination of its decay and production 

allows to determine the features of these forces of the SM with a great precision. On the other hand, any 

possible deviations from the SM top quark interactions will be a signal of the new physics beyond the 

SM. One of the top quark anomalous interactions is Flavour Changing Neutral Current (FCNC). The 

FCNC decays of the top quark are very suppressed at tree level in the SM by the Glashow- Iliopoulos-

Maiani (GIM) mechanism [7]. However, these interactions are generated through many different 

models; the two-Higgs doublet model with or without avour-conservation [8{14], the littlest Higgs 

model [15, 16], the quark-singlet model [17-19], supersymmetry with R-parity violation [20], the 

minimal supersymmetric model [22{28], extra dimension models [29-31] or the topcolor-assisted 

technicolor model [32-34].  
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Up to now, the anomalous FCNC interactions of the top quark were experimentally examined at Tevatron 

[35, 36, 38, 39], LEP [40-44], and the LHC [45-48] colliders. The bounds on the anomalous interactions 

of the photon with the top quark are given as follows 

𝜅𝑡𝑢𝛾 < 0.12                                                                       (1) 

presented by ZEUS collabaration [77], and 

𝐵𝑅(𝑡 → 𝜐𝛾)  + 𝐵𝑅(𝑡 → 𝑐𝛾) < 3.2%                                             (2) 

supplied by CDF collobaration [36]. 

The most stringent experimental bounds recently have been obtained at 95% C.L. by the CMS 

Collaboration as follows [37] 

𝐵𝑅(𝑡 → 𝜐𝛾)  + 𝐵𝑅(𝑡 → 𝑐𝛾) = 0.198%                                             (3) 

In this work, we have studied anomalous  𝜅𝑡𝑞𝛾 couplings via  𝑝𝑝 → 𝑝𝛾𝛾𝑝 → 𝑝𝑡𝑞𝑝 (𝑞 = 𝑢, 𝑐) process at 

the LHC. The exclusive 𝑝𝑝 → 𝑝𝑋𝑝 reaction has a clean environment due to absence of the proton 

remnants. ATLAS and CMS collaborations have a plan of forward physics with new detectors placed in 

a region nearly 220m-400m from the interaction point to detect particles not detected by the central 

detectors with a pseudorapidity coverage |𝜂|<2.5 [51, 52]. These detectors can determine intact scattered 

protons in a range of 𝜉𝑚𝑖𝑛 < 𝜉 <  𝜉𝑚𝑎𝑥. Here 𝜉 is the acceptance of the forward detectors. It is given 

by 𝜉 = (|𝑝| − |𝑝′⃗⃗⃗⃗ |)/|𝑝|, where 𝑝 and 𝑝′⃗⃗⃗⃗  are momentums of incoming protons and intact protons, 

respectively. ATLAS Forward Physics collaboration suggested an acceptance of 0.0015 < 𝜉 < 0.15 [51, 

52].  CMS –TOTEM forward detector scenario spans 0.0015 < 𝜉 < 0.50.1 < 𝜉 < 0.5 [53, 54]. Thanks to 

these forward detectors possible to observe high energy photon-photon processes. Photon-photon 

processes have been described by equivalent photon approximation. In this approximation, emitted 

photons which have a low virtuality are scattered very small angles from the beam pipe. Because of the 

emitted almost real photons have a low virtuality they do not spoil the proton structure. Hence, unspoil 

protons after the collision can be detected by forward detectors. By means of interacting two photons 

can produced an object X through 𝑝𝑝 → 𝑝𝛾𝛾𝑝 → 𝑝𝑋𝑝 process. Cross section of this process can be 

given by integrating the cross section for the subprocess γγ→ 𝑋 over the effective photon luminosity 

𝑑𝐿𝛾𝛾

𝑑𝑊
 

                

where W is the invariant mass of the two photon system 𝑊 = 2𝐸√𝜉1𝜉2. The effective photon luminosity 

is defined by 
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with  

       

   

Here 𝒴 is the energy of one of the emitted photons from the proton 𝑓1 and 𝑓2 are the functions of the 

equivalent photon spectrum. The photon spectrum with energy 𝐸𝛾 and virtuality 𝑄2 is defined by 

 

                 

 

where 𝐸 is the energy of the proton,  𝐸𝛾 is the energy of the photon, 𝐹𝐸 and 𝐹𝑀 are the electric and 

magnetic form factors of the proton, respectively. Also, 

        

                

where 𝑚𝑝 is the mass of the proton and 𝜇𝑝
2 = 7.78 is the magnetic moment of the proton.  

 

The Large Hadron Collider (LHC) which produces very high energetic proton-proton collisions provides 

high statistics data at high energies. However, proton-proton interactions have very large backgrounds 

coming from strong interactions. On the other hand, the photon-photon reactions are a pure QED 

processes because of absent of the proton remnants. Therefore, a signicant amount of backgrounds of 

these processes can be reduced. Also, photon-photon interactions occur greater energies than that of any 

existing collider. The physical potential of photon-photon processes were examined previously in the 

hadron-hadron collisions [55-73] and ep collisions [74-76] in the literature. 

 

II. MODEL INDEPENDENT ANALYSIS OF ANOMALOUS 𝒕𝒒𝜸 INTERACTION 

The effective Lagrangian involving the FCNC interactions of the top quark can be given in a 

model independent way by the following formula [77, 78] 

  

where 𝜅𝑡𝑞𝛾 defines magnitude of the anomalous tqγ vertice, Λ is the new physics scale which 

is conventionally set to the mass of the top quark, 𝜎𝜇𝜈 = (𝛾𝜇𝛾𝜈 − 𝛾𝜈𝛾𝜇)/2,  𝑔𝑒 =  √4𝜋𝛼, 𝑒𝑡 is 

the top quartk electric charge, and 𝑝 is the momentum of the photon. 
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Also, using of interaction Lagrangian in Eq. (11), anomalous decay width of top quark can be 

easily obtained as follows 

  

where we omit masses of the u and c quarks in above equation. Due to the dominant decay mode of top 

quark is 𝑡 → 𝑏𝑊, the branching ratio of anomalous 𝑡 → 𝑞𝛾 decay generally is given by the following 

formula. 

 

Therefore, using the equations (1) and (10), we can be obtained the magnitude for upper bounds 

of anomalous coupling provided by CDF collobaration as follows 

         

In the existence of the effective Lagrangian in Eq. (8), Feynman diagrams of the 

 𝛾𝛾 → 𝑡𝑞̅ (𝑞 = 𝑢, 𝑐) subprocess where contains anomalous coupling are presented in Fig.1. The 

squared amplitudes can be given in terms of Mandelstam variables by the formulas: 
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where Mandelstam variables are described as  𝑡 = (𝑃𝛾−𝑃𝑡̅)2, 𝑢 = (𝑃𝛾−𝑃𝑞)2 and 𝑠 + 𝑡 + 𝑢 = 𝑚𝑡
2,  𝑔𝑒 is 

the electromagnetic coupling constant. 

 

 

Fig. 1: Tree-Level Feynman diagrams for the 𝛾𝛾 → 𝑡̅𝑞 subprocess (𝑞 = 𝑢, 𝑐) 

 

We consider two different situation to compare our work with results of the CDF and ZEUS 

collaborations. Firstly, we calculate the magnitude for upper limit of the 𝜅𝑡𝑢𝛾 coupling which is found 

by the ZEUS collobaration. In Fig.2, we plot the integrated total cross-section of 

 𝑝𝑝 → 𝑝𝛾𝛾𝑝 → 𝑝𝑡̅𝑢𝑝  process for the forward detector acceptances 0.0015<ξ<0.15,   0.0015<𝜉<0.5 and 

0.1<ξ<0.5 We see from this gure that the cross sections of acceptance ranges 0.0015<ξ<0.15 and 
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0.0015<ξ<0.5 are more sensitive to 𝜅𝑡𝑢𝛾 coupling than the cross section of acceptance range 0.1<ξ<0.5 

In this work, we apply a Poisson distribution since there are no SM backgrounds for the  𝛾𝛾 → 𝑡𝑞̅ 

subprocess. Therefore, we estimate the sensitivity to the 𝜅𝑡𝑢𝛾   coupling for various values of integrated 

luminosities and √𝑠 = 14  TeV. The expected number of events has been calculated considering the 

hadronic decay channel of the top quark as the signal 𝑁 = 𝐵𝑅(𝑡 → 𝑊+𝑏 → 𝑞𝑞̅𝑏)𝜎𝑆𝑀𝐿𝑖𝑛𝑡𝑆  where 

S=0.9 is the survival probability factor [94, 95]. CMS and ATLAS have central detectors with a 

pseudorapidity coverage |𝜂| < 2.5.  Therefore, we consider an acceptance window of |𝜂| < 2.5 for 

final-state quarks. Branching ratios appearing in the number of events are defined as 𝐵𝑅 = Γ/Γ𝑇𝑜𝑡𝑎𝑙 

where Γ𝑇𝑜𝑡𝑎𝑙 is the full width and Γ𝑇𝑜𝑡𝑎𝑙 is the decay rate for the corresponding channel with a cut of for 

final decay products. 

 

 
Fig. 2: The total cross sections of the 𝑝𝑝 → 𝑝𝛾𝛾𝑝 →  𝑝𝑡̅𝑢𝑝 process as a function of  𝜅𝑡𝑢𝛾 coupling for three forward 

detector acceptances: 0.0015<ξ<0.5,  0.0015<ξ<0.15 and 0.1<ξ<0.5. 

 

 

There are 13 Feynman diagrams for the process 𝛾𝛾 → 𝑊+𝑏𝑞 (𝑞 = 𝑢, 𝑐) is the SM. The 

contributions from these are very small because of Wbq vertex in each diagram and this vertex contains 

small CKM value. Since the total cross section is order of 10-6 pb we use Poisson analysis for the 

determining FCNC couplings of the top quark. Upper bounds of number of events  Nup at the 95% 

confidence level can be obtained as follows [96, 97] 

 

In Table (1), we show 95% confidence level sensitivity limits of the  𝜅𝑡𝑢𝛾  coupling for various LHC 

luminosities and for the three forward detector acceptances: 0.1<ξ<0.5, 0.0015<ξ<0.5 and 



KÖKSAL, BİLLUR 

287 
 

0.0015<ξ<0.15. We see from Table 1 that the best bounds for the 𝜅𝑡𝑢𝛾 coupling is 0.01 for forward 

detector acceptance 0.0015<ξ<0.5 and 𝐿𝑖𝑛𝑡 = 200  𝑓𝑏−1. 

 

Table 1 95% confidence level sensitivity bounds of the 𝜅𝑡𝑢𝛾  coupling for various LHC luminosities and forward 

detector acceptances of  0.1<ξ<0.5, 0.0015<ξ<0.5 and 0.0015<ξ<0.15. The center of mass energy of the proton-

proton system to be √𝑠 = 14  TeV. 

 

 
 

 

Secondly, we estimate the magnitude for upper limit of the 𝜅𝑡𝑞𝛾 coupling which is obtained by the CDF 

collobaration. In Fig.3, we show the integrated total cross-section of  𝑝𝑝 → 𝑝𝛾𝛾𝑝 →  𝑝𝑡̅𝑞𝑝  process for 

the forward detector acceptances 0.0015<ξ<0.15, 0.0015<ξ<0.5 and 0.1<ξ<0.5 The explanation for Fig 

(3) is same with Fig.2. Finally, we find 95% confidence level sensitivity limits of the 𝜅𝑡𝑞𝛾 coupling for 

various LHC luminosities and forward detector acceptances of 0.0015<ξ<0.5,  0.0015<ξ<0.15 and 

0.1<ξ<0.5 We obtain the most sensitivity limit 𝜅𝑡𝑞𝛾 = 0.098 for forward detector acceptance 

0.0015<ξ<0.5 and 𝐿𝑖𝑛𝑡 = 200  𝑓𝑏−1 as shown in Table 2. 

 
Fig. 3: The total cross sections of 𝑝𝑝 → 𝑝𝛾𝛾𝑝 →  𝑝𝑡̅𝑞𝑝 process as a function of 𝜅𝑡𝑞𝛾 coupling for three forward detector 

acceptances: 0.0015<ξ<0.5, 0.0015<ξ<0.15 and 0.1<ξ<0.5. 
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Table 2. 95% confidence level sensitivity bounds of the 𝜅𝑡𝑞𝛾 coupling for various LHC luminosities and forward 

detector acceptances of 0.1<ξ<0.5, 0.0015<ξ<0.5 and 0.0015<ξ<0.15 The center of mass energy of the proton-

proton system is taken to be √𝑠 = 14  TeV. 

 

 

 

III. CONCLUSIONS 

Forward detector equipments at the LHC determine the high energy photon-photon processes at centre-

of-mass energies never reached before. These processes is generated by two almost real photons emitted 

from protons. The emitted photons do not spoil the proton structure. Therefore photon-photon 

interactions have very clean environments. Furthermore, detection of the intact scattered protons in the 

forward detectors allows us to reconstruct almost real photons momenta. In this work we have analyzed 

anomalous top quark photon couplings in a model independent way by means of the effective 

Lagrangian approach in the 𝑝𝑝 → 𝑝𝛾𝛾𝑝 →  𝑝𝑡̅𝑞𝑝 process. The bounds on 𝜅𝑡𝑢𝛾 and 𝜅𝑡𝑞𝛾 severely depend 

on values of the integrated luminosity and forward detector acceptance. Our limits on the anomalous 

𝜅𝑡𝑢𝛾 and 𝜅𝑡𝑞𝛾 couplings are better than the bounds from experimental constraints at the CDF and ZEUS 

collaborations. On the other hand, we can see for forward detector acceptance of 0.0015<ξ<0.5 that our 

sensitivities on 𝜅𝑡𝑞𝛾 can set more stringent sensitive by one order of magnitude with respect to the best 

sensitivity derived at the CMS. For acceptances 0.0015<ξ<0.15 and 0.1<ξ<0.5 we observed that the best 

sensitivities obtained on anomalous couplings at the same order with those reported from the current 

experimental bounds. As a result, the LHC provides us an important opportunity to investigate the 

anomalous interactions of top quark as photon collider. 
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