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What are the implications of this for:
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Scalar Leptoquarks

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

Crivellin et al. 1703.09226; Buttazzo, Greljo, Isidori,
DM 1706.07808; D.M. 1803.10972; Arnan et al

1901.06315; Bigaran et al. 1906.01870; Crivellin et al.

1912.04224; Saad 2005.04352; V. Gherardi, E.
Venturini, D.M. 2003.12525, 2008.09548; Bordone,
Cata, Feldmann, Mandal 2010.03297; Crivellin et al.

2010.06593, 2101.07811; S. Trifinopoulos, E.

Venturini, D.M. [2106.15630]; ETC...

S1 and S3 scalar leptoquarks

L =P el e XMwia) So Xqood < sl

Why?

- Fully calculable already at the simplified model level (unlike vector LQ)
-Can address the muon (g-2).

-Potential UV origin from a Composite Higgs Model scenario,

interesting for the potential connection to the EW hierarchy problem.
[D.M. 1803.10972]
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S1 and S3 scalar leptoquarks

iid’ ~

Why?

- Fully calculable already at the simplified model level (unlike vector LQ)

-Can address the muon (g-2).

-Potential UV origin from a Composite Higgs Model scenario,

interesting for the potential connection to the EW hierarchy problem.
[D.M. 1803.10972]

Several important observables constraining this model
are induced at one-loop.

We decided to approach this problem systematically in an EFT approach,
performing a complete one-loop SMEFT matching and
including and exhaustive list of observables.
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S1 and S3 scalar leptoquarks

1) Match SM + S1 +S3 to SMEFT @ 1‘|OOp Alonso, Jenkins, Manohar, Trott '13]

(SMEFT RGE, SMEFT-LEFT 1-loop matching, LEFT RGE already done in literature) ~ -°«en® Stofler 199505295

. - 'Jenkins, Manohar, Stoffer 1711.05270]
V. Gherardi, E. Venturini, D.M. [2003.12525]

Matching scalar leptoquarks to the SMEFT at
one loop

... done.

Valerio Gherardi,*® David Marzocca? and Elena Venturini®


https://arxiv.org/abs/2003.12525
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2) Analysis of B-anomalies, including all observables
even remotely sensitive to the relevant couplings v creaa £ vertum, o ocscosas
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S1 and S3 scalar leptoquarks

1) Match SM + S1 +S3 to SMEFT @ 1‘|OOp Alonso, Jenkins, Manohar, Trott '13]

(SMEFT RGE, SMEFT-LEFT 1-loop matching, LEFT RGE already done in literature) ~ -°«en® Stofler 199505295
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2) Analysis of B-anomalies, including all observables
even remotely sensitive to the relevant couplings v creaa £ vertum, o ocscosas

3) Turn on 1st gen couplings and study Kaon & 11 — ¢ observables.

Flavor symmetries correlate 1st gen to 2nd and 3rd gen couplings:
> Case Of U(2)5 ﬂaVOr Symmetry_ S. Trifinopoulos, E. Venturini, D.M. [2106.15630]
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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 S3 - 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]




S1 and S3 - contributions to anomalies
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S1 and S3 - contributions to anomalies
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S1 and S3 - contributions to anomalies
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S1 and Ss - combined explanations

Two benchmark scenarios:

LH + RH
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S; and Ss : R(K™) + R(D™) + (g-2).
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S1and Sz — only LH cou
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S1 and 53 — only LH couplings: R(Kt) + R(Dt)
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The relation between couplings to
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A hint towards U(2)°

CC & NC B-anomalies fit with only LH couplings
seems to be consistent with a U(2)° flavor symmetry relation

(0 0 o) ‘0 o0 o)
X’L o o s yL |0 Sost | R=0 )\sa — CU(Q) V;ts)\boz
0 0 br 1 0 by bt 1 cu@)~ O(1)

A flavor model typically also predicts couplings to 1st generation
Does the picture remain the same?

What is the impact of Kaon or y — e observables?

Similar question addressed in EFT context or in relation to b— spp only in:



U (2)5 flavou r Sym metry Barbieri et al. [1105.2296, 1203.4218, 1211.5085]

In the limit where only 3rd gen fermions are massive, SM enjoys a global symmetry

Grp=U2);xU(2) xU(2)y xU(2)g X U(2),

12



U (2)5 flavou r Sym metry Barbieri et al. [1105.2296, 1203.4218, 1211.5085]

In the limit where only 3rd gen fermions are massive, SM enjoys a global symmetry
Grp=U2);xU(2) xU(2)y xU(2)g X U(2),

The minimal breaking of this symmetry dueto v, ~ (2,1,1,1,1), V,~(1,2,1,1,1),

Yukawas can be described in terms of some .~(2,1,2,1,1), A;~(2,1,1,2,1), A.~(1,2,1,1,2).
spurions, transtorming under Ge:
Ay Ty V A, .V,
Y, = u(d) *t(b) Vg Y, = 1. e N
(d) = Yi(b) ( 0 1 : Y 0 1 vens are O(1)

This is a very good approximate symmetry: the largest breaking has size € = w|Vis| = 0.04

Diagonalizing quark masses, the |V,

See also Fuentes-Martin, Isidori, Pages, Yamamoto [1909.02519]
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U(2)° flavour symmetry and leptoquarks

Applying the same symmetry assumptions to the leptoquark couplings to SM fermions we get a structure:
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1031 1) “”3) \/ \/ 1/3) 103) " ) 53%5
- >\ Xo = S \/ \/ég X, \/

<

\XJZ Se\lﬁ ng \/ﬁ 1 /

bL — only RH coupling allowed is to 1r Tr.

13



U(2)° flavour symmetry and leptoquarks

Applying the same symmetry assumptions to the leptoquark couplings to SM fermions we get a structure:
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= A ‘71 SC \/ X7 \/

<

\XJZ Se\lﬁ ng \/ﬁ 1 /

S¢ = S «92 . rotation diagonalizing electrons and muon masses

bL — only RH coupling allowed is to 1r Tr.

\/ﬂ - leptonic doublet spurion } Arbitrary parameters
x13): O(1) arbitrary complex parameters.

13



U(2)° flavour symmetry and leptoquarks

Applying the same symmetry assumptions to the leptoquark couplings to SM fermions we get a structure:
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Generic features of U(2)° symmetry:
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OIresSsSe’

OIesSsSe’

to si suppressed by ~
.10 i suppressec

Oy ~

oy Vo,

)

)

Oy Se VB.

)

RH coupling allowed is to fr TRr.

} Arbitrary parameters
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U(2)° flavour symmetry and leptoquarks

Applying the same symmetry assumptions to the leptoquark couplings to SM fermions we get a structure:

/ eL ML TL \
103) (
G SV G\, VR (000
1031 1) “”3) \/ \/ 1/3) 103) " ) 53%5
= A ‘71 SC \/ X7 \/

<

sy X \/fZ " oL

— only RH coupling allowed is to fr Tr.

S¢ = S «92 . rotation diagonalizing electrons and muon masses

\/ﬂ - leptonic doublet spurion } Arbitrary parameters
x13): O(1) arbitrary complex parameters.

- The leptoguark couplings to first generations
are now fixed In terms of couplings
to the second generation:

— —

We can now correlate Kaon physics observaples to B-anomalies! (A



From B to K With LQ and U(2)5 S. Trifinopoulos, E. Venturini, D.M. [2106.15630)]

We perform a global fit in the U(2)° flavour structure.

o 8 'm ”‘:’;‘ 7
4 g ; Z % -
4 92
2
3 R(D"™)(lo)
x(l,L DY x}jl‘
2
\,,\/\’» ]
0 o . ‘ DY
1.5 2.0 0.0 0.5 1.0 1.5 2.0
/\3
M1 = M3 = 1.1 TeV
. . 0
8 -
:0 g Y ' ....‘I
_] ‘. “’ ‘o ‘ ) .“.o;..?.:
* I e 5 .
:?.o & ‘.' ‘.”‘.. '*!."..o.‘."o;}
3. a o o2 s.io . v ..:..:.:
-2 :!':-é. 4 8 R
xql :.'§. ; : AR,
£ - - ‘.ol:”’
_3 A 0. 8 - -
F e S
4 et 3% N VAR
-004 ? "3 gj‘;{?ﬁ
S ’. (’ @ o&o &o *1
-5 ’ S: adtadin's 3’.»:'.‘!
00 0.1 02 03 04 0S5 0.6 0 I 2 3 4 5
V, oL

- The parameters are indeed consistent
with a U(2)° structure: all x’s are O(1).

- Ve~0.1, |s¢ =0.02
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From B to K with LQ and U(2)°
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From B to K with LQ and U(2)°
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From B to K with LQ and U(2)°

bh— be add d: .
i SUU can | ,e, ?‘, | ressﬂe This Is due to the combination of the constraints from Z—11T and K+—=11+ vv
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Leading effects in Kaon physics

2.0

B(K; —»n'vy) x 10'°
o

O
in

0.0

IIIIII

TTTTT

W
N
1 ] I 1 1

NA62+K(¥TO—II- | M

11111111111

1111111111111

; KOTO-I (exp.)

NAG62 |
(2021) '+ _e

1111111111111

-
A

B(K*-ntvy) x 101°

Dominated by tau neutrinos, due to largest couplings.

The NA62 bound is already very constraining for this setup,
future updated will put even more tension with R(D™),
or eventually a signal could be observed.

The correlation in the full model is stronger than just in EFT.
Isee: Bordone, Buttazzo, Isidori, Monnard 1705.10729]



Leading effects in Kaon physics

201 §,4+83, U(2)

W
N
1 ] I 1 1

B(K; —»n'vy) x 10'°
o

1111111111111

; KOTO-I (exp.)

NAG62 |
(2021) '+ _e

-
A

0.5 .
NA62+K(¥TO—II“- e
(exp. SM
O-O N S BT B TR B IR S S § S T S R R ]
0.0 0.5 1.0 1.5 2.0
B(Kt-xtvv) x 101°

About other Kaon decays:

The NA62 bound is already very constraining !

future updated wil

out even more tension with

or eventually a sig

nal could be observed.

al

Dominated by tau neutrinos, due to largest couplings.

or this setup,

D),

The correlation in the full model is stronger than just in EFT.
Isee: Bordone, Buttazzo, Isidori, Monnard 1705.10729]

The phase of NP contribution is fixed to be SM-like:

APl ® |A32\w22>

VLL ~ *
[LVd ]VTVTdS o td%S( 2M? | 2M32

AS conseguence,

below the KOTO s

age-| final sensitivity.

The effect in KL= pp saturates the bound, while the SD contribution to Ks—=pu is ~10-13 (backup slides)
We also obtain Br(KL—=pe) ~ 10-15 and Br(K+—=m+pe) ~ 10-18,

he KL= 10 mode is fully correlated and



U — e conversion

| o ] L] ] 1] ] 1 L] I 1 ' 1] ] 1} 1] ] L] L] ]

0. | U—e conversion in gold nuclel sets the
| strongest constraint on se.

COMET and MuZ2e will push this bound to ~10-16,
while Mu3e at PSI will push the limit on Br(p—3e) to ~10-16

nese will set much

tronger bounds on Se,
rcould see a New
nysics effect. se  0.00

B(u Au - e Au) x 10'°

0.02

O 0w —
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Conclusions

® Flavor anomalies still require data (and theory) to give us a definitive picture.

his could potentially

ne our threshold to an unexpected New Physics sector!

® 51+S3 scalar leptoquarks offer a good solutions to B anomalies and (g-2),,
> simplified model is fully calculable
> possible UV origin from a Composite Higgs model.

® |n order to understanad the underlying flavour structure
we need 1o connect B-anomalies with other observables.

> Rare Kaon decays and y—e propbes stand out and offer exceptional prospects.

Thank you!
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Fundamental Composite model for LQs + Higgs

[D.M. 1803.109/72]

M

A

- A ~gpf~10TeV

other resonancej/ Like between pions and p mesons in QCD.
I Gap

t MpnGge ~ 1.5 TeV

Flavor-mediators

1 fF~1TeV

t Higgs

Scalar LQ as pseudo-Goldstone boson

Natural mass splitting between
pseudo-Goldstone bosons & the other resonances. mSLQ < A

Gauge group: Extra Dirac fermions:

SU(Nge) | SUB). | SU©2)w | Uy
SU(Ngc) x SU(3). x SU(2), x U(1)y T 1\(IHCC) i ) <2) §/L)
'HyperColor" Uy | Nuc 1 LY+ l/2
Vs | Nuc 1 1 Y, —1/2
SU(Nuc) confines at Auc ~ 10 TeV Vo | Nauc 3 2 | Y,—-1/3
Approximate global symmetry, spontaneously broken (as chiral symm. in QCD)
4 ~ 1TeV
= SU(10). x SU(10)r * U(1)v "—»" H=SU(10)v x U(1)v
Many states are present at the TeV scale as pseudo-Goldstones, including
Two Higgs doublets: Hsm, H2 ~(1,2)112 S1 ~ (Yo YL),
Singlet and Triplet LQ: St ~3,1)13 + S1~(3,3)-113 S3 ~ (‘TJQ oA W),
Coupling with SM fermions from 4-Fermi operators Yukawas &
LQ couplings

Coyp U = E<A —
L4—Fermi ~ %IpSMwSM\IJ\IJ JC ~ Yo wSM¢SM €b + ...
t

+ approximate SU(2)° flavor symmetry to protect from unwanted flavor violation
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Complete one-loop matching to SMEFT

W]

U = CFT
@ v-{cof

CET - OB
@1(00?
V__

Y

Other necessary contributions:

SMEFT 1-loop RGE

[Alonso, Jenkins, Manohar, Trott "13]

SMEFT > LEFT matching @1-loop

[Dekens, Stoffer 1908.05295]

LEFT 1-loop RGE

[Jenkins, Manohar, Stoffer 1711.05270]

V. Gherardi, E. Venturini, D.M. [2003.12525]

Motivations:

1. finite terms (non logs) of loop contributions are important for
several observables:
NVeson mixing, magnetic dipole moments, Z couplings, LFV leptonic
decays, etc..

2. Once the matching is performed, a large number of observables can

pe readily evaluated.

3. Itis the first such complete matching for a very rich scenario, many

operators are induced.
Useful as cross-check for other technigues that am to do this more
automatically.

MatchMaker (diagrammatic approach) [Anastasiou, Carmona, Lazopoulos, Santiago, in progress],

methods based on Covariant Derivative Expansion (CDE)
[Henning, Lu, Murayama '14, Drozd, Ellis, Quevillion, You, Zhang '15, 16, '17, Fuentes-Martin, Portoles, Ruiz-Femenia]

The alternative is to compute on-shell loops for
each observable, as in:
Crivellin et al. 1912.04224; Saad 2005.04352;
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“Green’s Basis’” of the SMEFT .. .. ... ..

VWhen off-shell one-loop diagrams are evaluated, also operators outside of the chosen basis
(e.g. Warsaw) are generated, which must be reduced to the basis via E.O.M.

The complete set of independent operators independent upon integration by parts
(but possibly redundant under EOM), is called “Green's basis’
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“Green’s Basis’” of the SMEFT .. .. ... ..

VWhen off-shell one-loop diagrams are evaluated, also operators outside of the chosen basis
(e.g. Warsaw) are generated, which must be reduced to the basis via E.O.M.

The complete set of independent operators independent upon integration by parts
(but possibly redundant under EOM), is called “Green's basis’

G = (es(p1)éa(p2)Hy(q1)H] (g2))

6 66 60& 65 604

5 Y Sl A + u] +

=% <
_ i Yui 4+ g S,
/ «
A dk /N
, A Y // \\
, H Vi Hi S H A

Figure 1: Diagrams for the matching of the (eeH"H) Green function.

Relevant Green’s basis operators:
: _ <
Oelap = (€a'es)(H'i D ,H) |

_ _ <
Olelas = (Eai D eg)(H'H)
Ofelap = (a7 ep)0,(H'H) |
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“Green’s Basis’” of the SMEFT .. .. ... ..

VWhen off-shell one-loop diagrams are evaluated, also operators outsic
(e.g. Warsaw) are generated, which must be reduced to the basis via
The complete set of independent operators independent upon integration by parts

(lbut possibly redundant under

e Of the chosen basis

—OM), is called “Green's basis’

-.0O.M.

G = (eg(p1)éa(p2) Hy(q1) H] (g2)) Matching conditions in the Green'’s basis:
N A" ytys A ) g 1
- _ NC()\lRTygyzk])\lR)aﬁ Nc)\Hl()\lRT)\lR)aB
) Greliiaa)los = = 64m2 M? i 64m2 M?
7( G}/{e(:uM)Oéﬁ =0
//H

Figure 1: Diagrams for the matching of the (eeH"H) Green function.

Relevant Green’s basis operators:

: _ <=
Oelap = (€a'es)(H'i D, H)

Oelas = (ai Deg)(HH) ,
Oflos = (€ates)0,(HTH) .

)
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“Green’s Basis’” of the SMEFT .. .. ... ..

VWhen off-shell one-loop diagrams are evaluated, also operators outside of the chosen basis
(e.g. Warsaw) are generated, which must be reduced to the basis via E.O.M.

The complete set of independent operators independent upon integration by parts
(but possibly redundant under EOM), is called “Green's basis’

G = (eg(p1)éa(p2) Hy(q1) H] (g2)) Matching conditions in the Green'’s basis:
Ny AT %
es Gre(pinr)]ap = 32#]\;2 g (1 + log ﬁ) :
- _ B N (AlRTyUyU)\lR) Nc)\Hl()\lRT)\lR)aB
) Greliar)las = = 64m2M? -+ 64m2M? ’
A Gl (par)]as =0 .
//H

The last two must be rotated to the VWarsaw basis:

(O}{e)aﬁ — (UE)vﬂ(OeH)Tya + (yE)'ya(OeH)’yﬁ
[O}fle]aﬂ — 4(Yg)y8 (Oen] '];/a — {(YE)ya(OcH)p

Figure 1: Diagrams for the matching of the (eeH"H) Green function.

Relevant Green’s basis operators:

VWhile the first operators receives contributions also from other ones:

_ _ B <=
_OHe-OéB — (ea’YMG@)(HTzDMH) : \ 2 2 i A(3) P A
_ I b [CHG]SB) - E9’4YHY Oaf (SYS?’ + YSl) + ﬁ (3 Wehe Ys)ap + WA, yE)aﬁ) +

telap = (Cai D es)(H'H) 30 2 Tz) T o M2 M2

/7 — (5 ~AM T . A, N X 1R
e + 3 [9) YH 6 + YuLl M2 L 9 (1 Ll) M12 .



https://arxiv.org/abs/2003.12525

IS erar enturin

nes are th
ose alr
. eady present in the W gD
2 c varsaw ' O | 51 V’XD
Osc FABC AV (7Bp (3C X2 2 baS|S o» | s5q{D, D" D}q | O ~ 2 .
Osz o GGt One A 2 Oup | 5u{D,D" 6o | (@' DG, 1) DH
O fUCGGPGE | O G, GH(HH) | O H-D* 0. | iaiD. DYu| O, | S@r*yiD” 4, | O | @roHiD,.H
o] . whwinrke | o Ghcmw(mm [ (D, D*H)(D, D" H) o | si{D0n. DY | O | Y@ "1 D" 0)G, | Oy i S )
| gy ey . Wi wiw(BTH) | O H*D? Ow | 5{DD" DY ¢ | On, LqTAi D) G, | O (q”p a)(H'H)
y 5= N e , ’ — v H gy
— A T o | (s ou | o i o gl | o | whsgin
oo | _1 (D.CNDCE) | O, By, B*(H'H) o (HID"H)I(H' D, H) Y?HD? + hic. |0 (@0 7" 1 D )W, o/ 10" 0)(H'i D H)
| LD W) W) | Oy BB (HH) | Ol (H'H)(D,H)'(D"H) Ourrpr | (qu)D,D*H Lo | 3@y i D )W ih (@ Pg)(H'o"H)
Oap | —3(0,B")(0"B Y aws | Wi B*"(H'o'H) o | (HH)D,(H'i'D"H) Ouiips | (Fio o H | Op | (07'9)0"B w | Oy | (@'1"q)Dy(H'o'H)
% D? ) O, Y wHD3 (gD, D"u)H o q 2 q7 Zqu)B,w o T i D, H)
% _ ) Owiips | (GD,u) D F 5 | $@iDvg)B | (@D u)(HH)
won | DV (H DL H 0 D | O | (@A) DYGE O, | (@ u)d,(H!
Onn | 8B (H'D ) oL | (@)D, D o | (@y"u)DYGY N W(HTH)
E m | 0,B"(HYD,H) Ouanpz | (gio Did H | O, | @iy iD” )?;VA Ona | (@ d)(H'D ,H)
— v DY / U ! — H
0D our-quark Four-] Oanps (gg D“c)l) HH Oc. %(ETAVM@'?VU)@ZV Ofd (di D d)(HTH)
08 | @i | O. (" 0)(El) | Oy il oo | Gooort | on Rl B e
— ) — rFH / v 7 H
On | (i) 0. | Ereee) | O | P oum | Capmn | €5, | | ol (D,
O(dl% (dfyﬂd) (37ud> le (67“6) (E’yﬂe) O:u 7(: O'M €) (gfyuo-fq) Oenp3 (ZDMD“e)H Of?d 1 (Elijudg,,Gﬁy (’)’Zf) (;ZMZD 0)(H'H)
W (@) (dyad % ey'e) (W) Ouis | (D)4 | O (1" DY) G, | O, (HIH)
0(8) iz ) ed (67“@ d ¢2X a O | L{dr4 — M He (6017“6)(HT-H[
o | @y TAu) (dy, T4 O (dyud) H + h.c. Ga | 3T DV d)G o | ' )
(9(1) VMT d) qe (g Lo\ (5 O, —A = Opd (dytd)o” HY HY{ (Ci p1e)y(Ho!
w | (@t % 0"0)(@7,0) Y e | S| e | O (O o' H)
O | (@1 Tt w | 0@y o | oot | o | LmBean e | (70D )
_ . ’ _ v He — '
oL = Y (EWMTAUJ) O (ev*0)(d Oup (Go"u)H B we | > Bd %Edvuiﬁvd)g , (ev“e)H(HT@DMH)
d (gv*q)(d O _ (dyud) O _ w | Owe | (o' w | Ohe (& Ip
0%8) A _/y,ud) ledq (86)(c_iq) dG (QTAO-MVd)HGA O 1 _U ’Y'“E)HZDVW/{V O 3 6)(HTH>
(16)i (gy"T*q) (dfy/,LTAd) (’)éi) (ZT B Oaw (gguud)(ﬂHWﬁV W §(€0‘I/y:“@'DV€)WI He | (ey*e)0,(H'H)
O?’“"d (T w)ers(7°d o® | @ e)érs(T') O | (@™ d)HB,, O, | HEo#i BeO, Y H" +h.c.
O 8) A TS C] ) lequ (f O-,Lbl/e)6 (—s OGW @ L ; jng OBE (Z’Yﬂf)a”B jng OuH (HTH>—1:_V[
quqd (q 1T u)ers(quAd rs\d O-/il/u) O f 6)0 HW;}/ O’ I ny Oun ; JHE
) eB (ga-,uye)HB B¢ §(€fyruiDu€)B (H H)ng
Y O~ 17 .57 il Ocnr tI7\7
=~ | (" D")B (H'H)(He
OBe (6y7¢)0” B pv
O, (g “'ﬁy pv
O | ! ZH 6)@6”
| s@*iDve)B,,



https://arxiv.org/abs/2003.12525

S11S;3 leptoquarks - global analysis

We study several scenarios, depending on the “active” couplings.

Model Couplings CC | NC | (¢ —2),
Sl(CC) ALR A\LL X X
(NC) 1L 1L
S, Abie s Asia X X
R DAY X | X
5,00 AN A M X
CC+NC 3L \3L \3L 3L
SS( ) )\bT ? )\87' ) )\b,u y )\su >< ><
Sy + S| AN A N AT AL AL X
Sl + Sg(au) )‘1%7?7 )‘;TLv )‘éﬁv )‘%7-Rv )‘g{v )‘%uRv )‘27{/7 )‘Zs))fv )‘zb)ﬁ? )\25
Sl -+ Sg(pOt) )\Hla)\H37)\H137)\6H3 _ _ -

Scalar Leptoquarks S+ and Sg:

1t
Ie«t"’)‘ el )\ﬂa Uy &,

The combination of the two scalars can address both anomalies.

If the S7 coupling to RH fermions is allowed,
also a solution to (g-2), Is possible.

Couplings to 1st generation have been fixed to zero!

25



S11S;3 leptoquarks - global analysis

We study several scenarios, depending on the “active” couplings.

Model Couplings CC | NC | (¢ —2),
Sl(CC) )\1}27 )\1L < %
NC L 1L
Sl( ) )\é,u ) )\i,u >< ><
Sl(au) )\%5, )\1L >< ><
§, (Ot NN N N X
CC+NC 3L 3L 3L \3L
SS( ) )\bT ? )\87' ) )\b,u y )\s,u >< ><
S, + S (LH) AL Z\1L 3L 3L 3L \3L X
3 br > 7YsT 7T ) TlsT ) TYbu ) TSy
// pu—" - T ) R — — \
[ S0+ 8,0 | M ALE AL, M AL AL XS, XS, A, A3 )
— B —— — S _ - — ‘//////
S + Sg(pOt) )\Hla)\H?)))\Hlfﬂv)\EHS — — —

Scalar Leptoquarks S+ and Sg:

qu‘rN S Xquc 9 S +l4(

The combination of the two scalars can address both anomalies.

If the S7 coupling to RH fermions is allowed,
also a solution to (g-2), Is possible.

Couplings to 1st generation have been fixed to zero!
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S11S;3 leptoquarks - global analysis

We study several scenarios, depending on the “active” couplings.

Model Couplings CC | NC | (g —2),
5,9 NN X | X
S1(NC) Agﬁ : )\15 X X
S R X | X
S, (O | NLE NN AL E AT X
Sy TN G NN AL X X
//”' - — | e — —
(5, 5,000 | NEAE AN NN ) IR=() <)
| . e — - B 4
- 1 — ; \
Sy 5, | AE AL NE AR AR R N \SE M NS )
‘ R R R R — _ - _ o ‘//,/»,
Sl —l_Sg(pOt) )\Hla)\H?)))\HlfS))\EHS — — —

Scalar Leptoquarks S+ and Sg:
[\ 1L | J_ T, -
jim NK)\‘; 9 e QL + )\ Uyg €,

The combination of the two scalars can address both anomalies.

If the S7 coupling to RH fermions is allowed,
also a solution to (g-2), Is possible.

Q(b Q@ 2),

(-F)
- 2
/””'%L >\ct "‘;il “"”";CR \C
1 tp /bp

br st

R(KY) P,

Yt

br s

2 S7 Mg ;~1TeV

Couplings to 1st generation have been fixed to zero!
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Predictions

The large couplings to T iImply signatures in DY tails of pp— T T,
deviations in T LFU tests and T — py LFV tests (Belle-II).

Large effects are also expectedinb =+ s TT1and b — s 1 J transitions:

Model §;+S | | Model §;+S,@D
3 LHCDb & LHCD
~ f  |[SSSgE=====================—========
~ ~ 600+
+ +
9 9
1 1
+ +
= = 400!
2 2
~ ~
~ -~
e Belle- R Belle-|
1 T 200}
- +
3 3
% %

Br(B - K 7 ) x 108 Br(B —» K 7 ) x 10°
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Leading effects in Kaon physics
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7t 1 Also In this case the phase of NP contribution is fixed to be SM-like
i “ 31211/ (2|3 |2
6 Acsduu . —A sd'u,p, ~ W‘/;j:‘/;d ‘A ‘ ‘w‘ |xq£|
2 5 F& 3
o 4f So the two channels are fully correlated.
e
L3
= | e |n KL the model saturates the present bound
B! SM
L} ® in Ks the effect is ~ 10-13, below the
of _ SM long-distance contribution.
0.0 0.5 1.0 1.5 2.0 2.5 3.0

B(K,—up)sp x 10”

About other Kaon decays:

We also obtain Br(KL—pe) ~ 10-15> and Br(K+—=m+pe) ~ 10-18,
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