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CONTINOUS INTEREST IN ADDITIONAL U(1)
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(spontaneously broken by a vev of S)
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SECTORS AND/OR DARK MATTER CANDIDATES
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Various versions and various constraints
(e.g. from electroweak data) have been
discussed

SM FERMIONS AND SM HIGGS DOUBLET CHARGED

UNDER ADDITIONAL U(1)

a) SM + U(1)

b) SM + U(1) + NEW FERMIONS, POSSIBLY CHIRAL
(CHARGED UNDER BOTH)

CHIRAL ANOMALY CANCELLATION
CONSTRAINTS,
IN PARTICULAR MIXED (SM, U(1)) ANOMALIES



LINVISIBLE” Z’-- SM FERMIONS ARE NOT CHARGED UNDER
ADDITIONAL U(1)’s

NO TREE LEVEL PROCESS qq=> X~ ff

X- the extra gauge boson(s)

COUPLING OF THE SM TO THE HIDDEN SECTOR CAN THEN BE
GENERATED AT THE LOOP LEVEL, BY HEAVY FERMION
EXCHANGE
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A SETUP: additional U(1)’s, ,,higgsed” and realized
non-linearly at electroweak scale;

a set of heavy fermions, chiral with respect to U(1) but
vector-like under SM gauge group;

they get their masses from Yukawa couplings to the
Higgs boson S, used to break U(1).

My = gxV V >0

My = AV A>> gy

FERMIONS ARE HEAVIER THAN Z° AND WE ARE INTERESTED
IN THE EFFECTIVE THEORY IN THE RANGE BETWEEN Z AND Z’,
AFTER INTEGRATING OUT HEAVY FERMIONS



CHIRAL ANOMALIES, INCLUDING MIXED
ANOMALIES WITH THE SM, CANCEL OUT IN
THE HEAVY FERMION SECTOR ITSELF

BUT THE TRIANGLE DIAGRAMS WITH HEAVY
FERMIONS GIVE

EFFECTIVE Z’VV VERTICES IN THE LOW
ENERGY THEORY
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A digression: difference between one and
two (or more) U(1)’s

WITH ONE Z’, the coefficient of dim 4 gauge
invariant operator

vanishes for anomaly

free fermionic sector in the triangle;

(the gauge invariant dim 4 operator is a sum
of the axionic coupling and the CS term)






ANOMALY IS MASS INDEPENDENT;

THE NEW EFFECTS COME FROM MASS INSERTIONS ON THE
FERMIONIC LINES IN THE TRIANGLE

(WE WANT TO INTEGRATE OUT HEAVY FERMIONS)

Anastasopoulos, Bianchi, Dudas, Kiritsis
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INVISIBLE 2 AND DARK MATTER
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Figure 1: Three vertices of interest generated by (9).
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Figure 2: Feynman disgrams contributing to the dark matter annihilation.
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Figure 4: Scan on the mass of Z' {in logarithmic seale) versus the coupling d; for dy = 0 and M =1 TeV.
We also defined of = g% /7. Colored lines represent the WMAP limits on the dark matter relic density for
different values of the dark matter mass. Notice that the results are invariant under the rescaling M — al,

(en, by) — (o, o dy).
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Figure 5 Typical example of & gamma-ray differential spectrum for different masses of dark matter and
2" and £ — Z' mixing angle, compared with the background (black line [19]]. All fluxes are caleulated for a
classical NF'W halo profile and M 1 TeV.



SUMMARY

Heavy fermions, chiral under additional U(1)
and vector-like with respect to the SM, generate
effective operators that mixSM with Z’ via a Z’'VV
effective vetices, even if they cancel among
themselves all gauge anomalies.

The lightest fermion charged under Z’ is stable

and could be a darkmatter candidate. Its annihilations
could produce a visible gamma-ray line (no signal is
expected from a direct detection experiments).
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Figure 3: Role of the mixing parameter 8.
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