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Gravitg: Metrical or athine?

« GRis based on the metric tensor which is onlg of seconclarg importaﬂce: measurements

of distances and angles...etc !

» Gravityis a “manifestation” of spacetime curvature, hence, what is needed is the
Propert9 of Para”cl displacements of tensors. This is achieved bg introclucing the

concept of connection.

o The SM interactions are written in the framework of gauge field theorg where the gauge

fields are described bg connections (arising through gauge invariance...)

AHine space‘cime, with its geoclesics and no Prior concept of metric, Provicles a very

simple and Possiblg viable clescription for gravity !



Abine space structure

o Abine space is endowed with an atfine

connection from which we construct covariant
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+ Gravitational action with the SM fields:

e This involves Einstein-Hilbert action and

the SM Lagrangian
y

M
S = Jd“x\/ |8 {THgWRW(g) + L[g,SM]}

e The SM Lagrangian s written bg siml:)|9
replacing the flat metric bg the general

curved metric

1
Lig, SM] = — ¢"(D,H)'(D,H) = V(H) = igg""y, V .y = 8" 8 Fi,F}j

Higgs Fermions Gauge bosons

+ How about dark matter?

Its existence is revealed only through its

The way it couples to gravity must be
very crucial!

gravitational influence!



< Decoupling dark matter

from the metric:

Unlike the sMm Particle fields, DM may In this case, how to
COUPIC onlg to the spacetime connection’ # clecouple it from the
metric?

o From Palatini to Pure|9

atHine action:

Take the Fo”owing metric-atfine model in

which metric and connection are

inclepenclent fields!
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M 1
L171 = /T8l { 58" Ru(D) = 58X, ~ U |

V.oV, ¢ for scalar DM
Kinetic terms! X, (Z) = < x7.V.x for fermionic DM
59°*PFouFg, for vector DM

Fermions and vector fields involve metric

in their kinetic terms. Scalars do not!



« From Palatini to Pure|9

atHine action:

Field equations arise from variation with

resl:)ec’t to the (non~&9namicab metric
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L171 = /T8l { 58" Ru(D) = 58"X,, ~ U |

For scalar DM ‘ M ZR/w(F) = VoV + U8,

K‘ Metric arises
onlg through the

Potential term!

Hence, for nonzero Potential, the metric can

be easilg integratecl out!

M2R,, () — X,,,(¢)
S = U(¢) i

The Scalar DM Lagrangian can be written in

terms of the connection and its curvature

v

onlg!



f dark matter is to decouple tota”y

R_

rom the metric, it can simplg be a

scalar

\/ | M*R,, (D) — V¢ Vy¢| This action can also be constructed based

ZII',DM] = onlg on general covariance consideration!

U(p)
I. The model describes DM in curved

space’time interacting only with the

connection (notice the absence of metric!)

2. Gravitational field equation are obtained }39

variation w.r.t the connection

*"\IZR LV ]-‘ - V zd)vu ) - . . LV

\/|.(7| g;ux

MR, () =V ,$V, ¢+ US)g,

Einstein’s field equationsl



« Nonminimal couplings

(DM _Curvature interaction)

I. TheZ, symmetry enjogecl bg the previous action is
broken 59 an interaction between DM and the affine
curvature like SPR,,(1')

2. Fields that enjog a coml:)lete structure In Purelg
atine sPacetime are scalars) hence, the model can

be extended bﬂ including the SM—-Higgs Potential

\/ ‘ MZR,MI/ (F) T Vﬂ¢ Vu¢ 5M¢R/u/ (F)

ZII', DM] = Vo H)

Notice that there is

Where V(g, H) > Up) + m2HH + A,(H H)?.
No DM-5SM couPlingl



o Dark matter clecags through the
nggs Portal

e The atfine gravitational sector is recast to

its canonical form as

\/‘MzRW ) —a PV, pV, ¢ With the dimensionless

Z|I',DM] = VD parameter a(p) =1+ EH/IM

e Asa result, the first order Z,-symmetry breaking

term implies DM clecays to SM- iggs through the
induced interactions a~*(Pp)V(p, H)

The interactions are a direct etfects of the nonminimal CouPIing to atfine
gravitg even in the absence of any explici‘c coupling of DM with SM Particles

within the Potential !



o The resulting Decay modes - _
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Conclusion

* We have in\/estigatecl the Possibilitg tlﬁat) unlike orclinarg matter, DM interacts

to gravitg through onlg the atfine connection of sPacetimel

+ We saw that DM dccags, automatica”g, into the SM Higgs via a nonmini

mal

Coupling to gravity that breaks the Z,-symmetry? This clecag occurs wit
Imposing any prior coupling between the two!

nout

o The P”csent scenario for DM Aecay 1S Fu”g gravitational and it stands on a

{

formulation of gravity, ditferent from GR. It is expecteci to reveal more

interesting features of the Phgsics of DM!
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