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The di-photon excess
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either extremely unlikely statistical fluctuation or
biggest discovery in HEP for decades



Simple new physics to fit the excess

effective description:

new 750 GeV scalar S coupled
to photons (and likely also to
gluons and/or quarks)

Volksmodel a.k.a. everyone‘s model:
generate these dim-5 couplings with
loops of N extra vector-like charged
fermions f.' with mass M., and Yukawa-
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=» new charged states are needed
how could these manifest themselves in experiments?



Collider bounds for vector-like charged fermions
are rather model-dependent

» for vector-like leptons:
= with SM-like charges: M;> 100 GeV
= with exotic charges (can only decay via higher dim. op.)
— if stable on detector scales: M= 700 ... 800 GeV

— if they decay promptly to multilepton final states and/or
jets: no general bounds exits

» for vector-like quarks:
= VL partners of t/b quarks or with exotic charges 5/3 and 8/3:
M. > 800 ... 1000 GeV



EW-precison constraints on vector-like
charged fermions are rather weak

N includes possible
color factors

Y:: hypercharge
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[Barbieri et al, 2004]



The running of the gauge couplings above the threshold
M; is strongly modified by the extra charged fermions
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the di-lepton inv. mass
distribution in Drell-Yan
scattering allows to test
the running of the
gauge couplings

[cf. Alves et al, 2014]
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do doSM

x2-fit of g7 MeNY?) /000 to 8 TeV data,
and projection for 14 TeV (300 fb)

for N SU(2),-singlets with for N, SU(2)-doublets
hypercharge Y;: with zero hypercharge:
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Another observable in DY-scattering:
di-lepton forward-backward asymmetry A,

o(cosf* > 0) — og(cos* < 0)
o(cos0* > 0) + o(cos 0* < 0)

A%B(MEQE) —

A:; has a different dependence on ay,and a, as do/dM,,
so it could be useful to disentangle the running of a,

and a, in the future

at present not relevant since, compared to do/dM,,
* the errors are much larger and
* A is ™ 3 times less sensitive to 6a/a,



Next: what are the implications for
di-photon models?

here we impose:
» cross section x BR large enough (@ 95% CL) to fit yy-signal :

= og(pp->S)xBR(S->yy) > 1.7 fb (for photon fusion, i.e. if the extra
fermions are SU(3)-singlets)

= o(pp->S)xBR(S->yy) > 2.07 fb (for gluon fusion)
» large width I[/M = 0.06
> all couplings perturbative up to 3 TeV (in particular: A(3 TeV)<4n)

note:
the Yukawa A; runs
faster for larger N
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regions below black lines:
in order to fit the di-photon excess one would need a Yukawa A;
so large that it becomes non-perturbative below 3 TeV



Conclusions

<> the 750 GeV yy-excess asks for new charged
states - these modify the running of the EW
gauge couplings

<> the inv. mass distribution in DY scattering

measured by CMS @ LHCS8 induces relevant
bounds

<> these bounds are insensitive to the details of the

mass spectrum and the interactions of the new
states



