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Motivation: Why Flavor and Dark
Matter



Flavor Violation

e The flavor symmetry of SM:
SU(3) = SU(3)g, X SU(3)u X SU3)gy X SUB)y, X SU3)e.
broken only by Yukawa couplings.

Lyuk = —qr Yz HMR —qL Y, HdR - EL Y, Heg + h.c.

* Minimal Flavor Violation (MFV): new physics respects SM flavor structure. In
MFV, quark Yukawa matrices are treated as spurions transforming as

Y.~ (3,3,1), Y4~ (3,1,3) under Gr =SU(3),, X SU(3)y, x SU(3) 4,
For a new flavor-violating interaction like
L = Cij(uriy"ugj)Oap
MFV requires that the coupling C;; take the form,

Cy = cody + et (Y} V)i + € |ca(Y VY V) + S (Vi YaY i Y,)y | + ...



Stability of flavored DM

Flavored DM candidate:
¢ Consider a colorless but flavored field:

/\/ ~ (nqu qu) X (nuR’ leR) X (ndR, de)

8

(n;, m;) count the number of (3;,3;) representations under SU(3);

* General decay vertices of y into SM:

Odecay:)(XqL...qL...MR...ﬁR...dR...C_lR...Yu...YJ...Yd...Y;...+Oweak
VVVVVVV\,—/W—/V

A i B B c C D D E E

4

A and A denote the number of ¢ and 7 fields



Stability of flavored DM

Stability of flavored DM:
* Allowing Ogecay Tequires:
SU3).:(A=A+B-B+C~-C)mod3 =0,
SUQB)y, : (ng, —my +A—A+D-D+E—E)mod 3 =0,
SU3)ug : (yy =My, + B—B =D+ D)mod 3 =0,
SU3) 4, : (ngy —mg, +C = C —E+E)mod 3 =0,

So for y to be unstable is (n — m) mod 3=0, where n = ny, + n,, + ng, and
m=mg, + My, + Mg,. Also it follows that the Ogecay is forbidden and y is stable if

(n—mymod3 # 0



Flavored Representations and Stability

(n,m) | SU@3)g xSU3)yup X SU(3)g, | Stable?

(0,0) (1,1,1) Key Points:

(1,0) 3,1,1),(1,3,1),(1,1,3) Yes . .

o0 G.L1).(L3.1).(L13) = * Representations are assigned under flavor

2.0) G.LD).(L6.1).(LL6) - group: SU(3)g X SU(3)y, X SU(3) 4,
(3,3,1),(3,1,3),(1,3,3) « Stability depends on triality:

0.2) (§, L1, @ 3,1), a1, f) Yes (n—=m) mod 3 #0
3,3,1),(3,1,3),(1,3,3)

o S.1L1).(L8.1). (LL8) * Our model: red-highlighted entry is a flavor
3.3.1), (3.1,3), (1,3.3) triplet under SU(3),,
(3.3.1),(3.1,3),(1,3,3)

Source: Adapted from [arXiv:1105.1781v2]



Model Setup: Falvored Dark Matter




A Flavored Scalar as Dark Matter

* Introduce scalar field S; ~ (1,3,1) under SU(3)y, X SU(3)u X SU(3)gp-
* scalar potential allowed by the MFV:

V(H,S) =m2S; (aoéij +ear (YY) + ) S;
+ 8] (body + by (YY) + ..) S;(HH)

+ (08581 + 1YY+ ..) SiS;S;S)

with (Y,); = (VT¥,); and (¥,); = y.6;.

= mass splitting: sz -M?=¢ (am% + bl/lTvz) {(y]u)z () }



Dimension-6 operators

¢ Five classes of dim-6 operators involving quarks and the scalar field S;

l/k] (QLIV qu)(S la Sl) Ol/k[ (MRz)’ MR])(S la Sl)

1
Lie=— clO
Azz o = @iy dy)(5;i0,5). O = (@uitum)(SS)

ykl
03, = (GLiHqL) (S;S),
* MFV dictates coeflicients c;kl as series expansions in Yukawa spurions
03-,(, = c1(Yu)idkj + c2(Y,)ijou
+€ [e3(Y Y] Vo) im + ca(Yu Y, V) udi + ¢s(Y)i (Vi Y + co(Yu)a (Y V)i
+0(€)
« Focus on the O* operator at the order of €.

1 _ w - *
L= " [Clui(miPR +m;Pr)uj(S;Si) + co(miitiu;) (S; Sj)]



Decay of Heavy Components




Decay processes

The decay interaction of the heavy component takes the form:

1
V= A [cm (m;Pg +m]PL)u](S Si) + co(myitu l)(S S)]

Mass splittings arise from MFV:
2 2
M3 - M _ )’12 _)’3 y

M} M2—6(6l1m5+b1 ){(Y/)(y } =
’ Tl MMy -y ¥

AM = M3 - M, 6M =M, - M,

Mass spectrum :

normal : My < My < M3, inverted : M3 < M, < M,



Decay processes

 For a normal mass hierarchy (M; < M, < M3), the heaviest state S3 can decay through
the following channels depending on AM:

S
S S &
« <, 83— 3 w f
u di £
i it d; ! f
(a) AM > m; (b)mW+mflsAM$m; (c)mu+mil+mf+m]’(sAM$mw+m2
2 5 11 2 13 2
g . m; (AM) (AM) " | Vil (AM) | Vil
Decay widths: @) ~ zme (O ~ smmsmngmey (O ™ Tenieonniainys



Parameter Space and Phenomenology




Parameter Space and DM Regions
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The model is mainly defined by four
parameters: M, A, A, €

We take € < 1 to justify the MFV
expansion: € ~ ~ 1072

=0
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Mass splittings: € =~ ~
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Experiment constraints
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Summary




Summary:

* We investigated a possibility that, under the MFV framework, the heavy components
of such a new flavored field are also stable over cosmological timescales and
constitude a significant portion of DM.

* We studied parameter sapce where two or three component of the flavored scalar field
have sufficient longevity to serve as DM.
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