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Recipe

* |ngredients
- 3 flavours of fermions
- 3 flavours of Higgs
- Flavour symmetry to taste

* Goal
- Disentangling masses by flavour

(Ideally)  my = y1v1, Mg = YaV2, mg = Y3vs3



Recipe

e |Instructions

- Choose a sector to be diagonal
(ups vs downs)

— Ignore neutrinos

(and charged-leptons?)

- Rows vs Columns
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e |Instructions

- Choose a sector to be diagonal
(downs and charged-leptons)

— Ignore neutrinos
an

- Rows vs Columns
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* |nstructions
Choose a sector to be diagonal

Recipe

(downs and charged-leptons)

lgnore neutrinos

(an

Rows vs Columns

— v —
—— Vg —
—— v3 —

V12 U1U3

V1V3 V2U3

)—>Hn

~N

J

AN

U1 <<’U2 <4 U3

mo =~ Va2,

N

my =~ vy, mg3 =~ v3

* terms and conditions may apply
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BGL-SHDMS

Flavour Symmetry

Uy Q)1 — e ™ (Qr)1, (nr)1— e 1 (nrh
Ul)e: (Qr)2 = e (Qr)2, (ng)2— e *2(ng)2, ¢2 — €™y

U(1)1 : (LL)I — W1 (LL)1; (KR)I — 72
U(1)g: (Lp)a — e ™2(L), (L2 — e 2™

 Acts on LH and RH downs and charged-leptons

e |solates generations

* Does not distinguish RH ups




BGL-SHDMS

Flavour Symmetry

U1): (Qp)h — e ™ (Qr)1, (nr)1 — e *¥(ng);
Ul)a: (Qu)2 = e ™(Qr)2, (nr)2 — e *2(ng)a, ¢a— ey

U(1)1 : (LL)I — 6_“/)1 (LL)1; (gR)l — 6_2i¢1

U(l)g : (LL)2 — 6_i¢2(LL)2, (fR)g — 6_2“/)2 fR)g
. [Acts on LH and RH downs and charged-leptons ] > Diagonal Mass Matrices
: e = Disentangles primar
° [ Isolates generatlonS] + [Mu = ((— Vg —>)J s SOUfCGSgC)f mpaSSGSy

As Economical as
NFC versions

. [Does not distinguish RH ups ] "




U(l)y: (Lp)a— e ™*(LL)2, (Lr)2 — e 22 (Lg)s

. [Acts on LH and RH downs and charged-leptons ] > Diagonal Mass Matrices
: =3 Disentangles primary
° - EEE—

NFC versions

- | Does not distinguish RH ups | > {AS Economical as}

FCNCs only depend on Scalar Sector, J
guark masses, and the CKM




BGL-SHDMS

Yukawa Textures v = vos By cos o

vg = vsin 31 cos 32

ay bl C1 0 0 0 0 0 0 .
Ar=10 0 0}, As=1las b |, As=[0 0 o0 v3 = vsin 3o
0 0 O 0 0 0 as b3 C3

v 00 0 0 0 00 0
=0 0 0], To={0 v¢ 0], T35=(0 0 0O similar for
(0 0 0) (0 0 0) (o 0 yg) charged-leptons
FCNC matrices (Higgs Basis)

4(0 ms(O my (O . tg t t
NE = dla,g( ﬁ)21 s ﬁ)22, o( 3)23) — diag (_% pilsy ms_ts, )
U3 U Sp, v tﬁl'sﬁz

O O 0 1
Ny = dlag( ﬁ)31 ms ﬁ)sz mb(v;’a‘)w) = diag (—%tﬁm _%tﬁza @t_)

3
(V)= 3 ””‘(V)ak(m;kwu)bb:(M(v)al(v)zﬁ i (v)az(v);z) (Do )iy

S 3,58,




BGL-SHDMS

Yukawa Textures v = vos By cos o

vo = vsin 31 cos (2

ap by 0 0 0 0O 0 0 .
Ar=10 0 0}, As=1las b |, As=[0 0 o0 v3 = vsin 3o

0 0 0 0 0 0 az by e
yl 00 0 0 0 00 0 .
=0 00), To=|0 3 0, T3=(0 0 0 similar for
0 00 0 0 0 0 0 9 charged-leptons

FCNC matrices (Higgs Basis)
p

N - diag(md(oﬁ)ﬂ’ms(oﬁ)?Z’mb(oﬁ’)%) _ ding (_%tﬁltﬁzg ms g, ,0) Flavour
U1 V2 U3 v 8g, v tg 8p, Diagonal
Nd — i (md(oﬁ)Sl ms(03)32 mb(Oﬁ’)SS) L ( mg MM my, 1) g
5 = diag , \ = diag | ——1tg,, ——1tg,, — —
U1 Vo U3 v v v g,
\_
g " * (Op)a . —tgit3, . tg, .
(N = 3 O (1) (v (D = (—(V)al(v)m + (V)az(vn,z) Not
Uk Sy 8,58,

—_

= 1 Flavour
(NY) gy = Z Ojk)3k(V)ak(V)§k(Du)bb = (_tﬁg(v)al(v)gl_tﬁ2(V)a2(V)zg+§(V)a3(V)z3) DiagOnaI

Tree-level FCNCs
In the up sector




BGL-SHDMS

Perturbative Region
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BGL-SHDM
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BGL-SHDMS

Mass-Mass Plot
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BGL-SHDMS

Mass-Mass Plot
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Benchmarks

7Y Controls the mixing
between H; and H,

Cancellation in (N5,

(N3 )12

BGL-SHDMS
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Conclusions

* Interesting Route for Flavour Puzzle
- Generation-wise sources of mass

e Flavour Constraints in tension with Flavour
Puzzle

* Flavour non-universal nonstandard Higgs
Couplings as a side effect
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Including 1-loop
D mixing
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Scalar Sector

« Scalar Potential Voyxu)y = midlor +mboles +misshes (m%ﬂ;{% +m3y¢lds + m3sdbes + h-c-)

FAL(D161)2 + Ao (B da)? + A3(dhda)? + Al 1) (9hepa) + As(dl 1) (0l b3)
F6(Bhp2) (Bhd3) + Ar(d] d2) (9561) + As (6] 63) (Bhdn) + Ao (dhds) (dh2)

* Higgs Basis
Hy hy el 2 G* wE cos 3 cos 51 cos (33 sin 51 sin (32
(Rl) = 0p (hg) , (A’l) = 0p (ZQ) , (H{i) = 0p (w%) Op = —sin f cos 31 0
Ry hs Al 2 H;i w; — cos 31 8in 3y — sin B sin B2 cos 32

e Mass Basis
G* G* el GO h H,
- 060 @l
H} HE Ay Al I, R,

* Alignment Limit Custodial Limit

a1 = 1 and as = By mu, =ma, =mey, =My, mp, =ma, =me, = Mz, az3=y =7




Expressions for b — sy

Typical Stuff
3 8
ngg _ T?16/236«% n . (7714/23 B n16/23) Car + Z hin
C%f% _ nl&/QBCTR n 2 (7314/23 N 7]16/23) Csr,
Model-Specific
k.q yq T T mgzb * *
Cltatu) = %] |Fatu) =~ Fi)] | 00, + (X)X
q
| Fi0m) = Folo)] (00030 + 005000) }.
k Y ms,
CQE{R(yq) - Zq{ l-FQ(yq) -5 (yq)] ?é(yk)qb(yk);s + (Xk)qb(Xk);s
q

i) (KR + (X0 0i) |

)




Expressions for AMp
Tree-Level =% i (thas) . =2 g (M)’ €= % 5 (Uy M)

T1925) 71925)) Tiq25) * qiq25),

2 2
— 203, = M,

1 F(4) L L L R 2 2 2 2
C = o2 6 ZZ (FEJQW*) (FqJ,,Wi) (rqzﬂH,—i) (Fﬁlquf) mamy f1 (M, MHii \ Mg , M)
Gauge-Charged

Ci= forr g 2 (e ) (M) (s ) (U ) oMt Mg )

Charged-Charged = 30 ST () () () () B3 M3,

2= 1&2 Flz ZZ( ﬂnfaH*) (Ff an,—*) (r )( 47, H*) mamm fi(Mps , Mys ,mg mj),
Ca= 8_11']; P12 ZZ( T qu;)( fa qui)( T h )( qubHi)mambfl( Mzi m mb)
o= ity S () (Fauns) () () 505 M it

Neutral Boxes Gt E () (T ) (7
ky.ke cd
2= 1;2 1j12 Z Z s, ( a:7. 5") e, ( iﬁsi’l)m”mdfl(Mgi’l’Méﬁz’mg’mi)’

-1 F L L R R 2 2 2 2
G=gms Z Z (chsgl) (qu? 522) (Falfdszz) Logasy, | mema fi(Mgy Mgy g, my),

L 2 2 2 2
ast,) (Fqﬁdsgl) Fo(Migy Mgy sme,ma),
r

-1I4 L R 2 2 2 2
Cs = 872 12 Z Z( Ty Je 521) ( 42750 ) (Fq f.ib’ﬁz) (rqﬁdsgl) fQ(MSQI’Msgz’mmmd)'

ky.ka c.d




EXxpressions for AMp

Mass and Higgs Bases

SM-Higgs Couplings

= {(1),,,, 105,
__{(RL) i@,
( +i :(R’X)T: |

—i[(Ry)"

Charged-Higgs Couplings

Lo = —V2(Bo);, [(Ng)TvTLB,

= V2 (Re), [0V,

af




Expressions for AMp

* Heavy Higgs Couplings

L dH; {(RL)kJrLjJrl ot [(R,X)q k,j+1} [(N’gl)f] as ( TH)uH (Di) -
o, =~ {(RL)““H o [(Rlx)q k=j+1} (N,f)&ﬁ B ( L)uﬂ (Di:)aﬁ
Féﬂ H = {(RL)HL;‘H i [(R,X)q k,jH} (ng)q af B ( TH)l,jH (Dv) :
. e {(RL)’CHJH - [(Rlx)q k,j+1} (Nidag = (RTH) Lj+1 (D:;) -

iy, == { (1)~ (), [(0) ] - (%), 2
08, = { (1), o (00, () - (), 20
o, =~ (#),.,, +i (7, o], - (=), 2
M= (R), i (), b, - (r) P
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