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A first flavor puzzle

* Flavor puzzle: very hierarchical structures
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A second flavor puzzle
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Consequences?

NP addressing the first flavor puzzle will create dangerous
contributions to flavor observables.

 No NP up to very high scales?

 But hierarchy problem: we expect NP at the TeV scale at least
coupled to the 3rd family. *

‘Naive conclusions:\

NP at the TeV scale cannot address the flavor puzzle.

* Universal NP at the TeV? More and more constrained by LHC...
\_ J

Let’s explore other possibilities

Javier M. Lizana | A multi-scale origin for flavor



Flavor symmetries of SM

* Flavor symmetry U(3)5 , only broken by Yukawas:
3——1F“F“””+'QD +|DH|2—V(H)+(Y 7 Hy? +h.c)
- QM YW, U ab ¥ T YR C

UB)Y = U3),x UB3),x UB);x UB3),x U(3),

Largest breaking

of U(2)q
+ Y, 4. very hierarchical AuN 2,%2,
| T~
* To leading order: 0,008
UQ3)° — UQ2)? <Oy ! V ~2,
( )3rd fam. Yuk.( ) Yl/t ~ : 0.04 q

* Protection in FCNC (GIM).

A good way to improve flavor bounds on NP is to preserve
flavor symmetries and use similar spurions!
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Example: NP in b — s(d)qq
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[Alguerd, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]

[JML, Matias, Stefanek, 2306.09178]

[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]
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..and b — ctv: RI(;)
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[B ~ DOy
Example: NP in b — s(d)gq (b; )

« Ascalar LQ S; ~ (3,1)_1,3 can generate the dipole and address Ry .

Large breaking of U(2),

We need a TeV /N, with a large Yukawa == Inverse seesaw
o~ _ |

¥ D —y,f3HNgy — MyN, Ny — S uN; N¢ (n < Mp)
v; — cos(0,)v; + sin(@,) N,

27

Uy

0.5 0.05
(EWPD + 7 decays)

[JML, Matias, Stefanek, 2306.09178]
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Example: NP in b —> S(d)qq pp = v & pp = 4

« Strong bounds from K — zvv and D — D mixing:
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[JML, Matias, Stefanek, 2306.09178] (Mg, =2TeV, Ap = —2)
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Example: U(2) to the rescue
. Idea to improve the situation: promote S, to a doublet of U(2),;
S, — (82,89
7 (Q%€f3c)51 — A (G €65)S,

L D W (Ghett)Si+ Vi DsNRSi — M, S[S!

e No KT — mTur at tree level: * Suppressed contributions
. . " 2 i
Possible NP in b — d transitions. O(V*,) to meson mixing.

/UL LT : a
i < U N 'S 'S
qr S{\< L & 51] | . : ~ 5

gl q, 7 q

[JML, Matias, Stefanek, 2306.09178]
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Preserving flavor symmetries

« Promoting NP fields to U(2) or U(3) representations can be an
effective way to preserve flavor symmetries and suppress
FCNC in the light sector.

* A bit ad hoc and not addressing flavor hierarchies.

e Can this kind of NP emerge dynamically?

« U(3) = Minimal Flavor Violation, emerging dynamically if flavor
IS explained at a higher scale.

« U(2) = Emerging dynamically in a multi-scale explanation of
flavor.
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[Dvali, Shiftman, hep-ph/0001072,Panico, Pomarol, 1603.06609
Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368

MUItiscale fI avor Barbieri, 2103.15635]

« Minimally broken U(2) emerges naturally in a multiscale origin of the
flavor hierarchies:

5 A, ~ 10*° TeV A, ~ 107 TeV Ay ~ O(TeV) v~ 246 GeV
- | | e
Vist ~ A3rd/Alst Yond ~ A3rd/A2nd Yind ™~ 1
dual
Gauge

Composite dynamics {-} Extra-dimensions

deconstruction

O—0O0—0

(See Joe Davighi’s talk)

<

[Panico, Pomarol, 1603.06609; Fuentes-Martin, Isidori, Pages, Stefanek 2012.10492;
Fuentes-Martin, Isidori, JML, Selimovic, Stefanek, 2203.01952]
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[Bordone, Cornella, Fuentes-Martin, Isidori,
1712.01368,

DeCOnStrUCting ﬂavor Davighi, Isidori, 2303.01520,

Fernandez-Navarro, King, 2305.07690,
Davighi, Stefanek, 2305.16280]

LH fields — 123 (H) 123 (H) 123 (H)

VLF @ 4512"’/\2\2/ ¢23NA3@
TeV
>"'¢ G, x G x Gy —SM

qr, 1 (Universal)

Javier M. Lizana | A multi-scale origin for flavor


https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2303.01520
https://arxiv.org/abs/2305.07690
https://arxiv.org/abs/2305.16280

[Bordone, Cornella, Fuentes-Martin, Isidori,
1712.01368,

DeCOnStrUCting ﬂavor Davighi, Isidori, 2303.01520,

Fernandez-Navarro, King, 2305.07690,

Davighi, Stefanek, 2305.16280]
LH fields — 123 (H) 23 (H) 123 (H)
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Deconstructing flavor

* From the TeV, we see...

TeV
SMZ X G3 —_—> SM

(Universal)

3-light mixing only v
/' in the LH sector q,t

\ Light Yukawas
A

generated at a
higher scale

Minimally broken U(2)

* Emerging flavor symmetry: | [J(2)
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Deconstructing flavor

* From the TeV, we see...

< LD 3
/ €b23 ™~ A3
TeV
SM, X _SU4) — SM

/ (Universal)

4321 model

Quark-lepton unification of 3rd fam. a la Pati-Salam ¥,z =

U, LQ dominantly coupled to third family = Ry

[Greljo, Stefanek, 1802.04274, Crosas, Isidori, JML, Selimovic, Stefanek, 2203.01952,
Allwicher, Isidori, JML, Selimovic¢, Stefanek, 2302.11584]
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Rich pheno of 4321: EW observables

» Provides an explanation for R through a U; ~ (3, 1),,; leptoquark.

e Extra neutral vector bosons G' ~ (8, 1),, Z; ~ (1, 1), and vector like fermions,

O~ (3,2)5 L~ 1,2)_yp.

* New colored O, G’ states can give sizeable shift in the W-mass via RGE effects.
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Conclusions

* The use of the flavor symmetries as U(2) is helpful to build models
avoiding the strong flavor constraints.

* A multiscale explanation of the flavor hierarchies is highly interesting:

It would explain flavor at lower energies than traditional approaches.

* |t provides dynamical realizations of NP having U(2) at the TeV scale
(perhaps addressing the hierarchy problem?).

* Non-universal gauge extensions of the SM become a natural
possibility for BSM.

* |t opens the possibility to have quark-lepton unification of the third
family a la Pati-Salam at the TeV scale with a rich phenomenology.

Thank youl!
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Backup
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Flavor

symmetries




[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

Minimal Flavor Violation

NP couplings follow the same spurions, Yu,d,e ~ 3q X gu,d,e
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[Barbieri, Isidori, Jones-Perez, Lodone, Straub, 1105.2296]

Minimally broken U(2)

* A more interesting approach after LHC results: decorrelate
light and 3rd families.

Exact U(3) Exact U(2)

g?)’,qu Ch g :Zy,qu + Cl élLyluq;,

« NP with U(2) symmetry only broken by the SM spurions:

AM d,e Vq ~ 26[ VKN 2{
i }V A, ~2,%2,
Y, de ™ i ¢ 5
u,d,e _______ g Ad~2q><2d
. )
A, ~2 X2
e q 4
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Pheno of minimally broken U(2)

* Interesting signals:

Operator Process
(4,.Vy7,40)° B, mixing
l o3 3
( V yluQL)(fLy fL) RD(*), B — KI/I/,
(—i Vi Tayﬂqg)(ngayﬂfg) B —> KTT, BS —> TT

(@, Vit a) (v e )
(@, V, v,.49;)(HID'H)
GV, ey a) (& Ve Vi) Ry

It becomes a bound on V,

B — Ktt¢,B;, = €€
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Non-leptonic
B decays




[Alguero, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]
[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

Ly p+ observables

 Something is going on with the non-leptonic B decays.

« We focus on the Ly g+ observables:

BB, —» KK f |A5I° + | Ay 1

%’(Bd — K*0K™0) fd |Agl|2 + |Ag|2 \ Longitudinal f
component o

BB, - KK AP+ |AP 7 B> KOKO
AB(B; — KOKO) B |Ad|* + | Ad|?

Ly = p(igeo, Nigro)

Lk = p(myo, myo)
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[Alguero, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]
[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

NP in LK(*)K(*)
[SM  — 19 53+9.14 L;XI;{ =443+092 = ? 60

K*K* —6.64

SM _ 3.88 eXp
LM = 26.00* LOP = 14,58 + 3.37 = )4

~3.59
4-quark op. Chromod. dipole
g S
B, - KMRK® b J % fd
(b — s) S b d
—\ d s s
A)
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C,, : Coloron
G’ ~ (8, 1),

b q
G’ 2V, Vi 5
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- A .1
* From di-jet searches: — S > x
mE — (5TeV)?
A2 1
B, mixing: b <
mg, ~ (100 TeV)? )
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The EM dipole
51~ D_y

Including RG running from

2 TeV to ppw
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Global fit 5; model pp — % & pp — T
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New couplings, new constraints:

L D Vi (Gel) S+ A ithtiS)

/

~ (VoD A

\

/VL
« B> KYw b . vy
A\
<,
s , ‘L . b;
« B mixing Sy S
b; o T : ST

Same flavor numbers than up
light Yukawas Y.

A’J aligned to Y’]

(POSS|bIe UV explanations
connecting both)
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Global fit S 1 model Prediction for B - K"vv: RY,., = 2.3 0.5

* Lgoge 0.7
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4321 model
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[Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368, 1805.09328;
Greljo, Stefanek, 1802.04274;

4321 mOdeI Cornella, Fuentes-Martin, Isidori 1903.11517]

Third family quark-lepton unification:

Uy ~ (3, Dy
SU3),—SU(3), '~ (8, 1),
1

M ~ (1,1),
~ TeV
SUM@), X SUG); X SUQ), X U1, 00— SUB), X SUR), X Uy
U }
U p_r7 - U(1), 2 i g
(qu\ gs ~ 83
6]1%’1% gh ~ 84
Yir= CIS’R gl ~ 8 /g4
fL,R) LHC bounds:

M 23 —35TeV

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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4321 massive vector bosons
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B-anomalies: R 5, = 0.1~ 24V,
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Y =y, c08(y) — Y, sin(y)

4321 Global fit .. .. 0  -02 -04 -06

3000} - - | &
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2500 F
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1000}
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[W. Altmannshofer, P. Stangl, 2103.13370]

B-anomalies: b — suu

B — K*uu
b
T, I
Ul
. 2 *
s
Sq %
~ F X loop  (Universal) CS
U |
b U
2
U, N Sq Sl
Ay
\) H
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https://arxiv.org/abs/2103.13370

And what about RK(*). e ?
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Other interesting observables

b T
« B, — 17 s
Ul ~ _q
2
e B— K17 Ag
\) T
Ul
b— N\ NN |78 s,
. B> Kui ™ ag, oo
§s—IN NN U,
Ul

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/2103.16558

Other interesting observables

2
e B— K17 Ag
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Ul
b— N\ NN |78 s,
. B — Kui ™ ag, oo
§s—IN NN U,
Ul

[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/2103.16558

Other interesting observables

Current 95% CL limit (LHCDb)
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[Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558]
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https://arxiv.org/abs/2103.16558

Partial compositeness
and multi-scale




[Kaplan, 1991]

Partial compositeness

e Strong sector stabilising the Higgs mass

qr
Elementary Strongly O
coupled } g----- H
sector
sector U D
Up, dp

L DGy Q + Ay iig U+ Agdy D

e Large mixing for 3rd family and suppressed mixing for light families due to
large anomalous dimensions of the operators of the strongly coupled sector.

U(2) protection

Enough?
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https://inspirehep.net/literature/314641

[Kaplan, 1991]

Partial compositeness

e Important constraints from flavor:
Strong sector scale

q q
L L €K
| (K — K mixing) s
~ _> A >\ /v,y.5%x10°TeV ~ 30 TeV
Ug, dg Ug, di

(Even stronger bounds from EDMs of neutron and electron)

» What did go wrong? The breaking of U(2) is not SM like...

( g~ 2 Vg~ 24 \
PC spurions { /lu ~ 2u VS Au ~ 2q X Qu } SM spurions
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https://inspirehep.net/literature/314641

[D'Ambrosio, Giudice, Isidori, Strumia, 0207036]

Partial compositeness

e Use only the SM spurions:

Elementary

sector \ H
< D ﬂqu Q -+ ;tu IZ\RAU; /Id JRD U(3)-preserving
s U, D ~ 3
\ UQ3) UBT ¢ q
Ay~ 3,%3,
» Spurions breaking U(3) similar to SM Yukawas: _
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https://arxiv.org/abs/hep-ph/0207036

Multiscale flavor

e Composite models/RS:

neutron EDM
" electron EDM

3" family 2" family

partly comp.

multiple flavor
scales
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partly comp.

anarchic

[Panico, Pomarol, 1603.06609]



https://arxiv.org/abs/1603.06609

