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Abstract 

Bccausc QCD is strongly couplcd at low cncrgics, standctrd pcrturbativc tcclmiqucs arc no longcr applicablc 

at this e11ergy scale. hi this thesis, we usP effective rnodels that lmve ha<lro11ic degrees of free<lo111. The 

guiding priuciple throughout is the implementatiou uf the global symmet.ries of QCD and their anomalous. 

explicit, an<l spoHtaueous brcaking pattcrns, uotauly d1iral syunuet.ry ai1d dilatatio11 sy1m11et.ry. 

First; the theory uf a free scalar field coupled to a time-independent. classical source is studied as a simplified 

lllodel for dilatou productiou iu a medium. Vve show that the time evolutiou iu the t11eory is 11011-trivial. 

coutra1·y to historical expect.ations. The theory exhibits nonperturbative particie prodnction i;imilar to the 

Schwinger mechanism, with interesting features surh as non-exponential decay and the quantum Zeno effect. 

Next, we introduce the extended Linear Sigma l\fo<lel (eLSM) and apply it to (axial) tensor mesons, the 

tensor !!;lueball, and charmonium st.ates mixing with the vector glueball. 

\Ve confirm the quark-antiquark assignment of the standard t.ensor meson 11011et by fitt.ing their decays to 

rlata. Using chirnJ s_yrnmctry, we dcrivc prcdict.ions for the masscs and dccay:;; of axial tensor mcson:;; \\•'hich 

eau be test.ed by experime11ts. The axial tensor rneson::; are predicted to be very broa.d states. 

The cLS:\.1 is userl to calculatc dccay rntios of the lcusor gł uchall. \ł./c thcn comp,tre thc:;;c to cxpcrimcntal 

data on known candidates for the tensor glueball. This comparison shows that the j,(1950) is the most 

likdy tensor gluchall candidate in this frnmcwork. A rough cstinui.tc of the rlccay widths also inrlirntcs that 

the tensor glueball could be a relatively broad state. 

Finally. the decays of the charmonium states .J /1/J anrl w(~1G86) into vcct.or- pscudosca.lar finał statcs are invcR­

tigated. These clmuncls cxliibit :;;ignificaut violat.ions of the perturbative QCD " 13% rule" , most prominently 

in the p;r channcl. \iVc apply the cLSM, including ekctromagnetic cffccts and mixing ,vith the vcctor glncball. 

It is showu that these i11gre<lie11ts allow for a successful phe1101uenological descriptiou of the ohserved ratios 

B('iµ(3686) --, h)/ B(.J/'1/J ---+ h). 


