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Run-2 LHCb analysis (9fb-1) showed a 3.1c

deviation in Rk. 210311769
LHCD Is now performing a combined measurement

of Rk & Rk* with the same dataset.

Wild rumours suggest that this new analysis now
finds SM-like values for both observables...

s the R« anomaly going away”
—Hopetfully soon we will see this update.
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Vieanwhile we can ask...

VWas this all for naught”
In the worst-case scenario, what did we (or better, |) learn from the Flavour Anomalies”




1 - Judging anomalies

Why working on anomalies at all?

A physicist's job Is to understand Nature in a mathematical model, using the scientific method.

An anomaly is just an experimental phenomenon we do not understanag, it is thus worthwhile 1o try 1o
gain insight and obtain a possible explanation, with correlated predictions to be tested experimentally.
.. ltis alot of fun.
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... but which one(s)?

QOur time is limited and “anomalies” are abundant.
How does one choose”

- Field of interest

- Statistical significance

- Theoretical and experimental "robustness”

- Viability of a New Physics explanation + "beauty’
- Personal priors, biases, intuition, ...
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2 - Combining them

Two anomalies are better than one [cit]

T several anomalies can e coherently explained in a single unified framework,
with Interesting correlations arising among them,
they become collectively more interesting as possible NP signals.
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Leptoquarks and B-anomalies
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Leptoquarks and B-anomalies
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4-quark & 4-lepton only at loop level.

>> \ery strong bounds on LQ couplings to 1st generation fermions, e.g. KL — u e, etc..
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Leptoquarks and B-anomalies

. \\/ L Deviations in semileptonic processes,
strong bounds from AF=2 & CLFV processes.
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LQ induce semileptonic @ tree level, 8
4-quark & 4-lepton only at loop level.

>> \ery strong bounds on LQ couplings to 1st generation fermions, e.g. KL — u e, etc..
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. Vector Leptoquark

Leptoquarks and B-anomalies

Ui =(3, 1, 2/3),

/4
J,

AN

' Scalar Leptoquarks

S1=(3,1,1/3),
Ss =(3, 3, 1/3),

 Scalar Leptoquarks

Ro = (3,2, 7/6),
Ss =(3, 3, 1/3),

N

I
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Leptoquarks and B-anomalies

. Vector Leptoquark
Ui =(3, 1, 2/3),

|

TeV-scale leptoquark coupled to 3rd and 2nd generation
og(3rd) > g(2nd) > g(1st)

' Scalar Leptoquarks

S1=(3,1,1/3),
S3=(3, 3, 1/3),

 Scalar Leptoquarks

Re = (3,2,7/6), |
SS — (3, 3, 1/3), |

|
| \\/

I

2

R
‘83

|
|
| /\
|
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Siand S; - contrlbutlons to anomalies

TL (L 0'34_ TTTTTTTTTT Model S, +S LH) _ 0 /,\ 'z/
R(BM ) \/ 032 ? [ . "
. 5,5 | ABIL . O @
v R(D") 030 | | >\ N
f “ \((r @ ( ( ( Ll-(:

T
(é?fﬂcl)(\\/ﬂ”z) \ S .

028 030 032 034 036 038 040 OO-ModelSﬁSa‘LH) -

R(D) ‘ _
/ S
Global fit ok | | 68%
: 9 |
with all relevant -04 | .
flavour j
EW and collider —06/
constraints. |
(detalls in backup) -08- . . L L L
15  -10  -05 00

V. Gherardi, E. Venturini, D.M. [2008.09548]



https://arxiv.org/abs/2008.09548

Predictions!

Better to be wrong than “not even wrong”
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Predictions

The large couplings to T imply signatures in DY tails of pp— 7 7,

— deviations in T LFU tests and T — pn LFV tests (Belle-ll).
Also Bs-mixing and B— K* v v are close to present bounds.

Typical for all models
addressing R(D™)

Large effects are also expected in b — § T T and b — s T u transitions, as well as in g — e:

. 10 - | :
Model S;+S;,- | , —> e 4
P L HCb | A
N T L e |
- 600} 8 :
+ o |
T e |
e =
= a 3 6F '
» g 400F < i
~ _ O
b~
[ !
= }
| <
= <
T 200+ =
N M
Q .
—
aa)
2008.09548 -
O . v [2008.09548 | . DM, Trifinopoulos, Venturini [2106.15630] |
O 5 lO 15 20 25 L 1 L | ! 1 L | ! " L | 1 L |

4 6 8 10
Br(B - K 7 u) x 10°

b—)STu B(u - 3e)x 10"


https://arxiv.org/abs/2008.09548
https://arxiv.org/abs/2106.15630

Near Future Prospects in Flavour

Belle-II M — elLFV

10 | | | | | | | 50
"T;' | peak(Target) tOday'
(\l‘E 8 L e nt. L[ab-1] 4 40 B(lj, s 6’)’) < 5.0 % 10—13_
O _ B(u — 3e) <1.2x107*
2 6 1 30 =) -
O p B,(;.l;‘) <5.1x 10712
> 4 l20 S Bl <83 x 1071
2
(7))
@)
g 2 r 110 CHARGED LEPTON FLAVOUR EXPERIMENTS / T. MORI 1. Mori ICHEP 2022 13
-
— 0018~5051 2023 2025 2027 2029 2031 2033 2034 TIMELINE OF MUON CLFV EXPERIMENTS "My Rough Sketch”

2022 2023 2024 2025 2026 2027 2028 2029

Belle-Il will be able to completely test R(D®™) with 5ab-1. ) _
MEG Il
6 X107 90%CL

Measuring R(K™) with 3% precision requires 50ab-1.

Mu3e-| Eng _ Mu3e-lI
Discover SM value of BY — K™y v with ~5ab-1. DeeMe . 0(10-% + superMEG?
0(10~13)
Bound on Br(t — u y (3 p) ) Wil improve by a factor of 6 (60). coveri [éng [EEEEEN | . COMETI m
< 10™
59 x 10716 8 % 10-17
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)1k

CMS Preliminary £2s0x0-19016 137 fb™' (13 TeV)

—r
-
II|IIII|IIII|IIII
)
~
-
A
-
.
.
LY
-
-
-
-
-
.
-
-
-
“~

L4
-
-
L d
-
L
L
-
L d
g
"

| 1 1| | | 1 1 | | I

é 95% CL upper limits — Single Nonres.
o) — Observed — Pair — Total

S - Expected Scalar, p=1

= 68% expected

n —

e S L
[S A 5
3 /: 4 "

= /AW . R>
@

|:||

] | 11 1 | | 1 | | I

scalar MLq = 1.3 TeV

0
600 800 1000 1200 1400 1600 1800 2000
Leptoquark mass [GeV]

Coupling strength A

CMS Preliminary P2SEx0-19-016 137 fb™' (13 TeV)

95% CL upper limits — Single Nonres.
— Observed — Pair — Total
---- Expected Expected by B anomalies
2.97 T B
2f / I
1.51 i B
1P B
0.5) i -
B | | ] ] | | | | | | | | Il | | | | | | | | | | :

O -
500 1000 1500 2000 2500 3000
Leptoquark mass [GeV]

vector Mirq = 1.9 TeV
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Meson decays

Crossing
symmetry

High-pr tails

Crossing
symmetry

Drell-Yan tall

f

MEw < Epu < Mnp

we Can use an

=

- | approach

Highp T

17



)

High-pr tails

0 v)

9vv3

g
" MODEL - DERCNDINT

The EFT contributions to the amplitude
grow with the energy, compared to the SM.

E > mew
2
%SH Eﬁl. A & Ez
;4~'13 VA Ll R !
C MN? s [yp

—F1 enhancement in high-pT tails

18



Lessons Learned (part 1)

Broadening of
experimental analyses

nterest in Nig
These are so

Sroader range of processes studied 1o test

O = s(d{Land b — ¢ (uU) TV transitions.

Renewed focus on LFU ratios (also at high-pr)!
Development of a leptoguark search program at ATLAS

q_
me of the most interesting searches to 100

ot talls at LHC: SMEFT, simplified mode

and CMS
S

< Tor rom HL-LHC.
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Lessons Learned (part 1)

Broadening of
experimental analyses

SM theory improvements and
BSM perspectives

nterest in Nig
These are so

Sroader range of processes studied 1o test

O = s(d{Land b — ¢ (uU) TV transitions.

Renewed focus on LFU ratios (also at high-pr)!
Development of a leptoguark search program at ATLAS
-

ot talls at LHC: SMEFT, simplified mode

me of the most interesting searches to 100

and CMS
S

< Tor from HL-LHC.

mprovements in SM understanding of hadronic matrix elements
® Renaissance of leptoguarks as possible BSV scenarios
New Physics models built around (vs against) flavour

19



3 - Do they help us address SM problems?

HOow do t
Are they |

nese leptoguarks fit in a bigge

Nvolved In answers to the big

" picture”

ouzzles of the Standard Model”?

20



From Leptoquarks to the Higgs, and back

l From B-anomalies l

Mg~ TeV

Hierarchical couplings to SM fermions

g(3rd) > g(2nd) > g(1st)
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From Leptoquarks to the Higgs, and back

Mig ~ eV Mgsm = leV

Hierarchical couplings to SM fermions Hierarchical Yukawa couplings

g(3rd) > g(2nd) > g(1st) y(3rd) > y(2nd) > y(1st)
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From Leptoquarks to the Higgs, and back

' From B-anomalies Higgs & EW hierarchy

Miq ~ TeV Mgsm = TeV
Hierarchical couplings to SM fermions Hierarchical Yukawa couplings
g(3rd) > g(2nd) > g(1st) y(3rd) > y(2nd) > y(1st)
D LQ from same UV responsible for the EW scale,

N> connection between LQ couplings and Yukawa couplings.

21



Scalar LQ & Higgs: both pseudo-Goldstones?

In Composite Higgs models the Higgs arises as a pseudo-Goldstone (pNGB)
of a spontaneously broken global symmetry G = H of a TeV-scale strong sector

STRONG
Guc Yhuc

Elementary

G

One obtains naturally

Spontaneous global symmetry breaking

atthe f ~ |1 TeV scale +
MPNGB << MResonanceS

==

|

‘f
|

|

22



Sc\alar LQ & Higgs: both pseudo-Goldstones?

<~  Scalar LQs could arise as pNGB together with the Higgs

\ from the same G/H of the strong sector.

|Gripaios 0910.1789, Gripaios, Nardecchia, Renner 1412.1791]

M
A ~gof~10TeV L ow-energy phenomenology dominated by the LQs
other resonances
msro < A\
I Gap
Mpnags ~ O(1) TeV Having the same origin, it is expected that LQ couplings
f Leptoquarks have same structure as Higgs Yukawa couplings:

poSsible connection with flavour structure

Higgs

23



A Fundamental Composite Higgs + LQ Model

D.M. 1803.10972

Gauge group: SU(NHC) X SU(3)C X SU(Q)w X U(l)y
'‘HyperColor”

—xtra vectorlike
fermions charged

For similar constructions see:

: Shmaltz et al 1006.1356,
unaer SU(NHC)'\\ Vecchi 1506.00623,
‘we 2 Ma, Gacciapaglia 1508.07014
00’\\

SU(Nnuc) confines at Anuc ~ 10 TeV
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D.M. 1803.10972
Gauge group: SU(NHC) X SU(S)C X SU(Q)w X U(l)y
‘HyperColor”

—xtra vectorlike
fermions charged

For similar constructions se
Shmaltz et al 1006.1356,

unaer SU(NHC):\\ Vecchi 1506.00623,
RV A Ma, Cacciapaglia 1508.0/014
c AW

SU(Nnuc) confines at Anuc ~ 10 TeV

A Fundamental Composite Higgs + LQ Model

e.

Approximate global symmetry, spontaneously broken (as chiral symm. in QC

< 1TeV
G = SU(10). x SU(10) x U(l)y 22225 = SU(10)y x U(1)y
<\Ijz\Ij]> — _BOfQCSz'j
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A Fundamental Composite Higgs + LQ Model

D.M. 1803.10972
Gauge group: SU(NHC) X SU(S)C X SU(Q)w X U(l)y
‘HyperColor”

—xtra vectorlike
fermions charged

For similar constructions see:

: Shmaltz et al 1006.1356,
unaer SU(NHC)'\\ Vecchi 1506.00623,
‘we 2 Ma, Gacciapaglia 1508.07014
C AN

SU(Nnuc) confines at Anuc ~ 10 TeV

Approximate global symmetry, spontaneously broken (as chiral symm. in QC

< 1TeV
G = SU(10). x SU(10) x U(l)y 22225 = SU(10)y x U(1)y
<\Ijz\Ij]> — _BOfQCSz'j

The Higgs and leptoquarks arise together as pNGB: close partners.
Yukawas and LQ) couplings from the same origin — possible U(2)° flavour structure

24



Vector Leptoquark

Ui =(3, 1, 2/3)

Needs to couple not universally to SM fermions:

Di Luzio et al 1708.08450;
Bordone et al. 1712.01368;
Calibbi et al. ’17; Blanke,

4321 models: SUM) x SUB) x SU@) x U(1) = SUB). x SU@)L x U(1)y  orvelin 16 Correlat &

2103.16558

SV fermions have different embedding between SU(4) and SU(3), or mix with vectorlike fermions.
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Vector Leptoquark

Ui =(3, 1, 2/3)

Needs to couple not universally to SM fermions:

Di Luzio et al 1708.08450;

Bordone et al. 1712.01368;
Calibbi et al. ’17; Blanke,

4321 models: SUM) x SUB) x SU@) x U(1) = SUB). x SU@)L x U(1)y  orvelin 16 Correlat &

2103.16558

SV fermions have different embedding between SU(4) and SU(3), or mix with vectorlike fermions.

Ui =(3, 1, 2/3) Vector LQ
From SU(4) x SUG) = SUG). one gets: G'=(8,1,0) Coloron ~—, FCNC @ tree-leve
/'=(1,1,0) 7 — strong collider boL

... result in several years ot challenging model building. ..

Nds
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Composite Higgs + Vector LQ ..«

The vector Uq LQ gets mass from the strong sector,
as VW,Z bosons do in technicolor.

( For the Composite Higgs part:

SU (4)’ o P 1 2
_— __RB. 25 1
f JRTEN \ <CL CR> 9 Cfg af §J>:—§Bgf€2€ij
S 3.1
‘\ '0' SU(4)D SU(4)EW X U(l)A — Sp(4)EW
o pNGB:
SU4) X SURB)xU)  1oeaenNGE | - Higgs doublet
- heavy coloron | - 2 singlets
Heavy Light : gﬁ L My ~ 24 f( —
fermions fermions i
4321 Model Standard Model QCD + QED
o S Y — T ——
[su@)  |(uan |[i[suey oo (sua JiUmelil | ([ suEk JiUme)
| van| > T vy | —b o
s R e o i o B i




Vector leptoquark UV models: PS3

The vector U1 LQ comes from a UV structure (Pati-Salam)3,
where each fermion generation is charged under its own Pati-sSalam gauge group:
Lepton-Flavour-Universality is an emergent feature at low energies (like Parity in the SM).

Bordone, Cornella, Fuentes-Martin, Isidori: | /12.01368
Uv

PS; X PS, X PS;

* .................................... 0 AI ~ 104 TeV
SM, X PS, X PS5
.................................... *n AII ~ 1()3 TeV
SM,, X PS$;
* .................................... o Agyp ~ 10% TeV

SU@4); X SU3), X SU(2) X U(1)

.................................... *n AIV ~ |1 TeV

M
IR 5

Flavour hierarchy < Hierarchy of scales (

RG stable)

Accidental approximate U(2)° at low energy!

This picture can be embedded in a warped 5D compactification

> . AD
S » &
Q v N Q‘}& S Q >
A >

llli!—'

Bulk 12

j"g.UV , | i"'g.IR
Fuentes-Martin et al: 2203.01952

EW hierarchy problem can be addresseo
by adding a further Planck brane.
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Lessons Learned (part 2)

Broadening of
experimental analyses

SM theory improvements and
BSM perspectives

NModel building o

® Sroader range of processes studied to test

O = s(d{Land b — ¢ (U) TV transitions.

® Renewed focus on LFU ratios (also at high-pr)!
® Development of a leptoguark search program at ATLAS and CMS

® [nterest in high-
These are so

ot talls at LHC: SMEFT, simplified models:

me of the most interesting searches to look at from HL-LHC.

® |mprovements in SM understanding of hadronic matrix elements
® Renaissance of leptoguarks as possible BSNV scenarios
® New Physics models built around (vs against) flavour

Challenging mode
consistently with all
The hierarchy proble
- necessarily have to satisty our minimality criteria: the SM is non minimal!

NP models do no

Addressing flavou

P

building to have large flavour violation at few TeV,

avour + collider bounds.

M can still be addressed with TeV-scale New Physics

ushed to develop new ideas, e.g. PSS

28



Conclusions

Still too early to conclude anything.. .
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Conclusions

Still too early to conclude anything.. .

better. ..

Questions?

29
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SGPR 1807.10197,

H
Cabibbo Angle Anomaly = =

stat
Unitarity of the first row of the CKM matrix: \Vud\Z + ‘Vus‘2 T ‘Vub‘z =1 l l l l

Neglecting the very small Vs Vuzd -+ Vuzs =1

0.226

0.222 0.223 0.224 0.225
0.9750—— o -

~30

0.9745

0.9740--..__

E
N 0.9735

-~

09730 | b T _

0.9725

0222  0.223 0.224 0225 0226

[plot credit: Benedetta Belfatto] vus
[see also 2207.02507, 2208.11707]



SGPR 1807.10197,

|
Cabibbo Angle Anomaly 1 o

stat
Unitarity of the first row of the CKM matrix: |Vud|2 T Wus|2 T Wub|2 =1 n g l I

Neglecting the very small Vyp: Vuzd + Vuzs =1

0.222 0.223 0.224 0.225 0.226
0.9750'\<_i§' _
0.9745 |
? 5 Possible New Physics scenarios:
0.97407---.__| ~ :
= - el - four fermion operatorsin d —uev
> 09735; - - four fermion operatorin g —evv
: - modified W—uv or W— ud couplings
_ | - vectorlike guarks, rescaling of Grvs GG, ...
0.9725 I : . .
; i . : See [2207.02507] for review on possible UV models
0222 0223 0224 0225 0226
[plot credit: Benedetta Belfatto] Vus

[see also 2207.02507, 2208.11707]
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Using the complete one-loop matching to
SMEFT, we include in our analysis the
following observables.

All these are used to build a
global likelihood.

(O, My) = i)*

.2 _
—2log £ = x*(\s, M) _Z g
(3
Observable Experimental bounds
Z boson couplings App. A.12
09 (0.3 £1.1)1073 [99]
5ng (0.2 41.3)1073 [99]
5gT§L (—0.11 + 0.61)1(1;3 199
09z (0.66 £ 0.65)107° [99]
09y, (2.9 +1.6)107 [99]
(5ng (—3.34+5.1)1072 [99]
N, 2.9963 £+ 0.0074 [100]
Drell-Yan
—bborr 13 TeV ATLAS, 36 b~ |
4 bb - uu ]
) [1808.08179]]

Obe o o v -

ms, [TGV]

S1 and S;3 - global analysis

Observable SM prediction Experimental bounds
b — sfl observables [37]
ACSH 0 —0.43 +0.09 [79]
Camiv 0 —0.48 £ 0.24 [79]
b — c7(£)v observables [37]
Rp 0.299 + 0.003 [12] 0.34 4+ 0.027 £+ 0.013 [12]
R}, 0.258 + 0.005 [12] 0.295 + 0.011 £ 0.008 [12]
PP” —0.488 £+ 0.018 [80] —0.38 £ 0.51 + 0.2 + 0.018 [7]
Fr 0.470 £ 0.012 [80] 0.60 & 0.08 £ 0.038 =+ 0.012 [3]]
B(B; = ttv) 2.3% < 10% (95% CL) [82]
RMe 1 0.978 & 0.035 [83, 84]
b— svv and s — dvv [37]
RY, 1 [85] < 4.7 [86]
RY%. 1 [85] < 3.2 [86]
b — dpp and b — dee App. A5
B(B° — uu) (1.06 + 0.09) x 10719 [87,88] | (1.1+1.4) x 10~*° [89,90]
B(Bt — wtup) (2.04 +£0.21) x 1078 [87,88] (1.83 +£0.24) x 1078 [89,90]
B(B® = ee) (248 £ 0.21) x 10~ [87,88] <83x10°° [51]
B(B* = r+ee) (2.04 £0.24) x 10 [87,88] <8x10-° [51]
B LFV decays [37]

B(Bd — Tiﬂ;)

<1.4x107° [91

B(Bs — 75 p¥)

<42x10° [91

B(BT = Kt u")

B(BT — Ktrtu™)

S (en] Nen) Nan}

<33x10~° [92

]
]
<54x107° [92]
]
< 4.5x107° [93]

Observable SM prediction Experimental bounds
D leptonic decay [37] and App. A4

B(D, — Tv) (5.169 £ 0.004) x 102 [94] (5.48 £0.23) x 1072 [51]

B(D° — up) ~ 10~ [95] < 7.6 x 1079 [96]
B(Dt — 7tpp) O(10712) [97] < 7.4 x107% [98]

Rare Kaon decays (vv)

App. A.1

B(Kt — mtwy)

8.64 x 10~ [99]

(11.0 £ 4.0) x 10~ [100]

B(K — mvv)

3.4 x 10X [99]

< 3.6 x 1077 [101]

Rare Kaon decays (£/)

App. A.3 and A.2

B(Kr — pp)sp

8.4 x 10719 [102]

< 2.5x 1077 [76]

B(Ks — pp)

(5.18 £ 1.5) x 1012 [76,103,104]

<25 x 10~ 10 [105]

B(K — 7°up)

(1.5 +0.3) x 10~ T [106]

<45 x 10710 [107]

B(K; — mle)

(3.2%53) x 10~ [108]

< 2.8 x 10710 [109]

LFV in Kaon decays

App. A.3 and A.2

B(K — pe) 0 < 4.7 x 1072 [110]
B(Kt — rtu~e™) 0 < 7.9 x 1071 [111]
B(Kt — nte p') 0 < 1.5 x 1071 [112]

CP-violation

App. A8

€x /€K

(156 £7) x 10~% [113]

(16.6 & 2.3) x 10~% [51]

Observable SM prediction Experimental bounds
AF = 2 processes [37]
B°-B: |CL | 0 < 9.1 x 1077 TeV~2 [114,115
BY—B.: |C} 0 < 2.0 x 1075 TeV~2 [114, 115]
K°— K': Re[CL] 0 < 8.0 x 1077 TeV~2 [114, 115]
K°— K : Im[CL] 0 < 3.0 x 10™° TeV—2 [114, 115]
D° —D’: Re[CY) 0 < 3.6 x 1077 TeV~2 [114, 115]
D°—D': Im[C})] 0 < 2.2 % 1078 TeV~—2 [114, 115]
D" —D': Re[C4) 0 < 3.2 x 1078 TeV~2 [114, 115]
D°—D': Im[C%] 0 < 1.2 % 10™° TeV~2 [114, 115]
D" —D': Re[C3) 0 < 2.7% 1077 TeV~—2 [114,115]
D°—D: Im[C?)] 0 < 1.1 x 108 TeV~2 [114,115
LFU in 7 decays [37]
190/ 9el’ 1 1.0036 = 0.0028 [116]
19-/ 9|2 1 1.0022 £ 0.0030 [116]
19+/e|? 1 1.0058 = 0.0030 [116]
LFV observables [37]
B(T — po) 0 < 1.00 x 10=7 [117]
B(t — 3pu) 0 < 2.5 x 107% [118]
B(T — wy) 0 < 5.2x 1078 [119]
B(t — ey) 0 < 3.9 x107® [119]
B(u — ey) 0 < 5.0 x 1071 [120]
B(p — 3e) 0 < 1.2 x 10712 [121]
BV 0 <51x10712 [122]
B 0 <83 x 10713 [123]
EDMs [37]
|d.| < 107*e-cm [124,125] <1.3x107*e - cm [126]
|d,| <107*e-cm [125] <19x107"e-cm [127]
d, <107* e cm [125] (1.15+£1.70) x 107" e - cm [37]
dn <107%e-cm [128] < 2.1 x107%*e- cm [129]
Anomalous [37]
Magnetic Moments
a. —a>" +2.3 x 10713 [130, 131] (—8.9£3.6) x 10713 [132]
a, —a; +43 x 1071 [42] (279 £ 76) x 10~ [40,42]
a, —a>M +3.9 x 107® [130] (—2.1£1.7) x 1077 [133]
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S1 and 53 —_ only LH couplings

O O

X’IL
o o
\o ©

0
ST
bt |

>\§ L

MR = () — Cannotfit (g-2),

(see backup slides for a S1+S3 scenario that
addresses also the muon magnetic moment)

Model S 1 +S 3(L,H)

Model S +S3(LH)

b— s uu

O O o
° Sﬁ ST o008
\kO b L% 7
,4 | 0.06 -
’ql
C:<w L
0.04 -
0.02-
000
0.0
—— 0.00
o | 000
95%CL |
. 68%CLi |
I | ~0.05
-0.10
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-0.15
—-0.20+
~025- !

Plots updated w.r.t. [v3:2008.09548]
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S1 and 53 —_ only LH couplings
0 o o o \%
Xﬂ: 0O O STt >\§L: 0 ~H ST |oos

lo o b Lo by bt

Model S +S3<LH>

b— s uu

The relation between couplings to
s-quark and b-quark is compatible

% with a U(2)> flavour symmetry,
--------------------- that would predict:

MR = () — Cannot fit (g-2), 0.04

(see backup slides for a S1+S3 scenario that
addresses also the muon magnetic moment)
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S; and Ss : R(K™) + R(D™) + (g-2).

No a-priori flavour structure imposed
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A Fundamental Composite Higgs + LQ Model

(U;W;) = —Bof*0;

G =SU(10)L x SU(10)r x U(1)v H=SU(10)v x U(1l)v

Like QCD pions, the pNGB are composite states of HC-fermion bilinears: \IJ\IJ

’ S—
11

' H and LQ are close part!

Hy ~ic2(UUy) |

Hy ~ (Tg0;)

S1~ (Yo¥r)
(

Several states are present at the TeV scale as pNGB, including

Two Higgs doublets: Hswm , Hy ~ (1,2)12
Singlet and Triplet LQ: S1~3,1)15 + S1~(3,3)-113

Coupling with SM fermions from 4-fermion operators

Cyo — = E<A -
£4—Fermi ™ %¢SM¢SM\I]\P JC ~ Yo 77DSM¢SM ¢ + ...
t

Yukawas &
LQ couplings

+ approximate U(2)° flavor symmetry to protect from unwanted flavor violation
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Scalar Potential: NDA + symmetry

The pNGB potential arises at 1-loop from all the explicit breaking terms

" 4 1’ 2 L/)
Ap‘ )

NDA + spurion analysis P NAZ, 2

2 3/ Aic LRy Ve = 1672 Hi— 1|
Mg g, = Bolm; +my) V6= T g exTr [GxUGx U]

(\PZ\PJ) J X (C 2 ‘I‘ Cu u2)A2 C 2A2

Voo = 197 191 )\HC S, |2 393\HC S, 2
valence irrep. valence irrep. @ 872 872
Hy ~io® (VW) (1,2)12 | Hy ~ (WEYy) (1,2)12
51~ (Po¥r) (3, 1)1y5 | S5~ (Voo 'Wr)  (3,3)13
W~ (UnUp)  (L,1)og [ I~ (Uro®Pr)  (1,3)
Ry ~ (Vp¥q) (3,2)16 | T2 ~ (Yo Px) (3,2)5/6
T~ (T o) (8,1)y |73~ (VoT40"Vg) (8,3)0
[Ig ~ (Poo"%¥q) (1,3)0 |m~3xcf(VaVs) (1,1)0 Y,
pNGB spectrum: example 53 )
W* 11 1, 7 0, ...
h [ Ni2Hs3 HQHQ R> T3 Anc Ay 2
0.1 1 10 [TeV]
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