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Flavor symmetry in particle physics

G=U@B)g X UB)up X UB)ar x U3)ey, X U(3)ep

o In the SM, explicitly broken by Yukawa interaction matrices to the Higgs doublet

»Cyuk — —QLYuﬁluR — GLYdeR — ZLYGHGR + h.c.

o We focus on the subgroup in the quark sector Gr = SU(3),, X SU(3)y, X SU(3)4,
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Minimal Flavor Violation (MFV) hypothesis

Chivukula, Georgi (1987); Hall, Randall (1990); D’Ambrosio et al. (2002)

All (new physics) interactions respect the flavor symmetry with the only breaking sources
arising from the quark Yukawa matrices

o The quark Yukawa matrices are promoted to spurious fields transforming like

Y.~ (3,3,1), Y;~(3,1,3) under Gp =SU(3),, X SU3)u, X SU(3)q4,

> This makes the Yukawa Lagrangian flavor singlet L,k = —GLYquuR —q;YqHdRr + h.c.

> For new physics interactions, e.g. Lxp = Cii(uriv"ur;)O,

—» Cij=coby+ecr (YY) + € {02(YJYuYJYu)ij + (YVIYaY  Ya)ig| + -
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X (nqL,qu) X (nuR, muR) X (ndR,de) Dynkin coefficients of the quark flavor groups
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MFV hypothesis — Stability of flavored dark matter  Batell, Pradier, Spannowsky (2011)

o Consider a colorless, flavourful new field y :

X (nqL,qu) X (nuR, muR) X (ndR,de) Dynkin coefficients of the quark flavor groups
e.g. (1,0) -> triplet; (1,1) -> octet

o General decay operators are formally expressed by

Odecay:XgL...gL...UR...ﬂR...dR...dR...

A A B B C C o a weak operator to maintain
xY,...YI...Y,.. °YdT O K~ the EW and Lorentz invariance
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MFV hypothesis — Stability of flavored dark matter  Batell, Pradier, Spannowsky (2011)

o Such a decay operator is allowed only if four equations following from QCD and flavor invariance are
satisfied:
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MFV hypothesis — Stability of flavored dark matter  Batell, Pradier, Spannowsky (2011)

o Such a decay operator is allowed only if four equations following from QCD and flavor invariance are
satisfied:

A+B+C—-A—-B—-C)mod3=0,

SUQ),- :

SU(3),. —my, +B—B—D+D)mod3 =0,

—mg, +C — C—-FE+FE)mod3 =0,

TluR
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For y to be stable, at least one of four (n, —m,)mod3 # 0 My = Mgy + Mug T Mdg
equations should NOT be satisfied ‘ X X Ny = Ngp, + Nup + Ndp




Dark matter under the MFV hypothesis

MFV hypothesis — Stability of flavored dark matter  Batell, Pradier, Spannowsky (2011)

(n,m)|| SU@B)g X SU(3)up X SU(3)da, | Stable?
(0.0) (1.1,1) (ny —m,)mod3 # 0 | stability condition
(1,0) (3,1,1), (1,3,1), (1,1, 3) Yes
(0,1) (3,1,1), (1,3,1), (1,1,3) Yes o Applied for any spin and EW representation of y
20 (67 17 1)? (17 6? 1)) (19 1) 6) Y
(2,0 (3,3,1), (3,1,3), (1,3, 3) = o Only the lightest flavored particle is stable
(6,1,1), (1,6,1), (1,1,6) - All heavier particles are unstable and rapidly decay
(0,2) (3,3,1), (3,1,3), (1,3, 3) Yes away in a case (Batell+, 2011; Lopez-Honorez+, 2013)
(8,1,1), (1,8,1), (1,1, 8) - Is it possible that the heavier components are also
1.1 (3’ 3’ 1)’ (3’ 1’ 3)’ (1’ 3’ 3 long-lived to constitute part of DM?
(3’3, 1), (3,1,3)’ (1’3’ 3) Mescia, SO, Wu, 2407.xxxxXx
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A benchmark model

A gauge singlet scalar S ~ (1,3,1)  anSU(@3),, triplet
» scalar potential allowed by the MFV
V(H,S) =m%S; (ao 5ii +ear (YY), + .. ) S, massterm
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up to O(eg) A
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A benchmark model

A gauge singlet scalar S ~ (1, 3, 1) an SU(3),, triplet
» scalar potential allowed by the MFV
V(H,S) =msS; (ao 055 + eal(YJYu)ij + .. ) S, mass term
+AS; (bo 0,5 + €by (YJYu)Z-j + .. ) S; (HTH) coupling to the Higgs doublet

+ ()\O 5235kl + € )‘IJZJ(YJYU)]C[ ‘|— .. ) S:SJSZSI self-interaction

b V(H,S) = {mg + em%(yz)Q} S5 =: MZ-QSQKSZ-

up to O(¢) 2 2 2 2 2
o ,I: — —

M2 — M? =em? [(y3)? — (4)?] Ms - M _ %~ W

My — My Yo —Yu Yo

Ratio of mass differences predicted!



Higher dimensional operators

> DIm-6 operators

< <
zgkl = (G017 q1,;)(Sk10,5)) , Oz'zjkl = (upY"uR;)(Ski0,S5))
1 .o 4 — 17 *
L= 2 (Z zjkl(l)zjkl +¢,05; + ¢ (’)7) Ojit = (driy"dg;)(Skid,S), O = (QLz'HuRj) (SkS) »
! zykl (QLszR]) (SZSZ) ) O@gj — (S:Sj) G/u/lea
O}, = (5;8;) Fu, F* .



Higher dimensional operators

> DIm-6 operators

1 —  I7 *
Lic=—5 (Z Cq{jkl(l)i]jkl +cl.O07. + 67-(’)7-) Okt = (QLz'HuRj) (SkS1) 5

2 17 1 17 1
A - J 1] J 1]

The coefficients are determined by the MFV
4 4 4
Cijkl = €1(Yy)ij0k1 + c2(Yy) a0k,
4 4 4 4
T € [CB(YuYJYu)ijdkl T C4(YuYJYu)z’15kj T CS(Yu)ij (YJYu)kl + Cg (Yu)il (YJYu)]l]

+...



Higher dimensional operators

> Dim-6 operators

]. —  T7 *
Lie=—5 (Z Cq{jkl(l){jkl +cl.O7. + 67-(’)7-) Ok = (QLz‘HuRj) (S%S1)

2 17 1 17 1
A - J 1] J 1]

At the €0 order, it causes the heavy scalar decay

C4

A_22 (CYL"? (Yu)i; Sj) H (Sidpur) + h.c.
% (i | - . 53 — Situ, Sate

Li—¢ ~



Decay of heavy components

m Example S3 decay (*Dominant mode depends on the mass splitting AM = M, — M,)

51
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Decay of heavy components

m Example S3 decay (*Dominant mode depends on the mass splitting AM = M, — M,)

Sl Sl Sl
« « «
. o -
Sg ————— >\\i t 53 ————— >\\¥\ \\ W 53 ————— >\?\ \\WMM\F f
U U d, u d; ?
AM 2 my my > AM > my +m) mw +mY > AM 2 m, +mY +ms+my
L mAMY AN AP
48073 A4 M2 1147275 AA M2m2 o 1161216077 A4 M2Zm2v?

Smaller AM and/or weaker interaction (~1/A) leads to longer lifetime



Decay of heavy components

m Higher order processes might be more efficient

At O(€?)

|



Multi-component flavored DM
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Summary

Minimal Flavor Violation (MFV) is often assumed in new physics model building

0 Under the MFV hypothesis, flavored dark matter can be
- automatically stabilized

- multi-component

0 Interesting signals? Need your ideas!



Back up



A difference benchmark

Ms — M
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< 0f 0 7g > Ty — DM

o 7¢ < 7;; — not DM and have to decay prior to
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Impact of Higgs portal coupling

01| all 81, S2, S3 * C—10-3 ~ Ms — M,
are DM ytz M,

- 1S1, S2 are DM

o Higgs portal mainly affects the S3 lifetime

0 7g > Ty — DM
0 7o < 7y — T¢ < 1sec from the BBN bound

o two or three component DM is realized in the
white region




A different scenario

M; =500GeV, € = 107°

1
)

o Assume the mass splitting M; — M, is 10" 3
independent of € '

T TS5 > tU

o Higgs portal coupling A = 1077 10"

o Two or three component DM is realized
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