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What is experiment telling us?

No direct evidence for NP despite the many reasons for it [presence of a mass gap?]

ATLAS EXxotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 L dt=(32-139) fo! V5 =8,13TeV
Model t,y Jetsi ET™ [rdt[fb™] Limit Reference
L) T l L) Ll T L) Ll T T ', L) Ll L) Ll Ll LI B ) h L) Ll T Ll
ADD Gkk +g/q Oep 1-4j  Yes 361 Mp t 77TeV  §n=2 1711.03301
‘é’ ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZ NLO 1707.04147
S ADDQBH - 2j - 370 |Mg ; 89TeV &n=o6 1703.09127
&  ADDBH high ¥ pr >leu >2j = 32 | M ' 82TeV &n=6 Mp=3TeV,rotBH 1606.02265
"E’ ADD BH multijet - >3] - 36 | M 9.55 TeV § n =6, Mp = 3 TeV, rot BH 1512.02586
3 RS1 Gyk — yy 2y - - 36.7 Gkk mass ¥ 4.1 TeV | k/Mp; = 0.1 1707.04147
@  BukRS Gy —» WW/ZZ multi-channel 36.1 | Gk mass 2.3 TeV B k/Mp =10 1808.02380
i Bulk RS Gkx — WV — tvqq 1eu 2j/1J  Yes 139 Gkk mass i  2.0TeV & k/Mp; = 1.0 2004.14636
W Buk RS gkk — tt le,u >1b,>1J/2 Yes  36.1 | &kk mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP ey >2b,>3] Yes 36.1 KK mass & 1.8TeV g Tier (1,1), B(AMY — tt) =1 1803.09678
SSM Z’ — ¢ 2e,pu - - 139 Z’ mass : 5.1 TeV 1903.06248
SSM Z’ - 77 271 - - 36.1 Z’ mass s 2.42 TeV 1709.07242
» Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
S  Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 | Z mass ) 4.4 TeV jr/m=1.2% 2005.05138
) SSM W’ — (v 1eu - Yes 139 | W’ mass 4 6.0 TeV 1906.05609
-8 SSM W’ — 1v 17 - Yes 36.1 W'’ mass 3 3.7 TeV 3 1801.06992
8, HVT W —» WZ — tvggmodel B 1e,pu 2j/1J Yes 139 W’ mass 4 4.3 TeV Wev =3 2004.14636
% HVT V/ - WV — gqqqg model B O e, u 2J - 139 V’ mass ] 3.8 TeV L gy = 3 1906.08589
(O] HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 4 2.93 TeV gev = 1712.06518
HVT W’ — WH model B Oeu >1b,>2J 139 W’ mass 3.2TeV " CERN-EP-2020-073
LRSM Wk — tb multi-channel 36.1 Wg mass ; 3.25 TeV , 1807.10473
LRSM Wk — uNg 2u 1J - 80 Wpg mass ! 5.0 TeV m(Ng) = 0.5TeV, g, = gr 1904.12679
- Cl qqqq - 2j - 37.0 A 21.8TeV 1703.09127
QO  Clttgq 2e,u - - 139 A ] 3 358TeV 1, CERN-EP-2020-066
Cl tttt >leu >1b>1j VYes 36.1 A 9 2.57 TeV % |Cyel = 4 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mped 1455 TeV & g4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 67 TeV 1 g=1.0, m(y) = 1 GeV 1711.03301
Q VVxy EFT (Dirac DM) Oe,u 1J,<1j  Yes 3.2 M, 700 GeV . i m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes  36.1 my q 3.4 TeV ky =0.4,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 1%t gen 1,2e >2j Yes 36.1 LQ mass 1.8 Tev p=1 1902.00377
Scalar LQ 2" gen 12pu >2j  Yes 361 |LQmass 156 TeV 25=1 1902.00377
Scalar LQ 3" gen 27 2b - 36.1 LQ; mass 1.03 TeV| & B(LQ; — br) =1 1902.08103
Scalar LQ 3 gen 0-1eu 2b Yes 36.1 LQ3 mass 970 GeV % £ B(LQY — tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.3¥TeV F SU(2) doublet 1808.02343
g,& VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.348TeV I SU(2) doublet 1808.02343
© a VLQ T5/3Ts/3|Ts;3 = Wt + X 2(SS)/>23 eu>1b,>21] Yes 36.1 Ts/3 mass .64 TeV B( Ts;3 > Wt)=1, c(Ts3Wt)=1 1807.11883
£ 3 VLQY - Wb+t X leu >1b>1 Yes 361 |Ymass £ 1.85 TeV & B(Y — Wb)=1, cr(Wh)= 1 1812.07343
VLQ B - Hb+ X Oeu,2y >1b,>1j VYes 79.8 B mass 1.21 |V W kg=0.5 ATLAS-CONF-2018-024
VLQ QQ —» WqWg Teu 4]  Yes 203 [lONESIea0cew : 1509.04261
o Excited quark q* — qg - 2j - 139 | q° mass ‘ 6.7 TeV Fonly u* and d*, A = m(q") 1910.08447
E g Excited quark g* — qy 1y 1] - 36.7 q* mass ! 5.3 TeV Ronly u* and d*, A = m(q") 1709.10440
S E Excitedquark b* — bg - 1b1j - 361 |b*mass 2.6 TeV ; 1805.09299
w 5_, Excited lepton ¢* 3eu - - 20.3 A =3.0TeV 1411.2921
Excited lepton v* 3epurt - - 20.3 A =1.6 TeV 1411.2921
Type Ill Seesaw lepu >2j Yes 79.8 N° mass 560 GeV R ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass ; 3.2 TeV & m(Wg) =4.1TeV, g, = gr 1809.11105
S Higgs triplet H** — ¢£¢ 2,3,4 e, u (SS) - - 36.1 H** mass 870 GeV % DY production 1710.09748
ES Higgs triplet H** — (7 et - - 20.3 ¥ DY production, B(H;* — (1) =1 1411.2921
o Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 BV «DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass ! 2.37 TeV ¥: DY production, |g| = 1gp, spin 1/2 1905.10130
,f= 13 Tev V§= 13 Tev AN | 1 1 1 PR T B B 1 ‘;‘ 1 1 1 1
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What is experiment telling us?
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The search for Terra Incognita

Particle Physics has entered an age of exploration
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N.B.: Cosmological frontier
not discussed here

New Physics Quest: main strategies

ATLANTIC OCEAN, TOSCANELLI, 1474 N
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The Correct outline of* North America is shown in lght blue tint

Direct high-energy measurements Low-energy probes
(ATLAS, CMS, FCC-hh, Muon Collider...): (LHCDb, Belle Il, FCC-ee...):

Simpler interpretation if NP is discovered... (Very) precise measurements of low-
but limited reach energy observables and/or possible
(the mass gap should not be too large) breaking of (approximate) SM symmetries
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The Fermi theory

Not the first time we have faced a mass gap in Particle Physics

Fermi Theory [ < my)]

4G
Lwer = ZLoep + Zocp — _2F (dpy,dp ey vy) + ... [Gp ~ g%V/M%V]

>

Reconstructing a UV theory from its low-energy imprints is a very difficult task
(no unique solution due to limited information)

[It took more than 30 years to arrive to the SM from the Fermi theory]

t,H,W,Z

u,d,e,v, ...
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The SM effective theory (SMEFT)

A
E
If New Physics (NP) is heavy (mass gap), the SMEFT provides the analog
of the Fermi theory for the SM
+ New
SMEFT [E << Myp] physics?
Zsverr = Lsm + ngﬂij (fi‘nq{)(q;j”ff) + ... Gy~ A% ~ glp/mip]
+ tH W, Z
q q q q + 0
>'\1ip\n< b M, X
4 £ r 4
59 new possible interactions (2499 new flavorful couplings) at O(A~=2) 1
* u,de,,...

NP is unlikely to produce them all with the same strength

( Can we infer anything about them from the SM couplings? )
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The SM Lagrangian: Naturalness problems

The SM Lagrangian contains two
unnatural features pointing towards NP

x
_ L T
j/—- 11’&,

Higgs hierarchy problem

| Instability of the Higgs mass
under gquantum corrections |

4 ¢ L(/ 7 L}j TeV-scale NP?
2 SM flavor puzzle
o g @#jl i V (¢ ) [ Accidental symmetries in

the SM Yukawas |
-~ 1{“ }”Q%"L L. c.

(Are these two features correlated? )
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The SM flavor puzzle

The SM Yukawa sector is characterized by 13 parameters (for massless neutrinos)
[3 lepton masses + 6 quark masses + 3+1 CKM parameters]

... whose values span 5 orders of magnitude and do not look at all accidental

Mu,d,e ~ Vexkm ~

v =)y

» They respect an approximate U(2)° = U(2)q X UR2),xU2),xU2),*x U2), symmetry,
minimally broken by 5 (4) spurions

UQ), U@,

A X Vv A X; Vf | V | ~ VC
Yu(d) = Yub) ( L(l)(d) t(bi q> Ye =Y ( Oe 1 ) 7 ’
| Au | ~Ye
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The SM flavor puzzle

The SM Yukawa sector is characterized by 13 parameters (for massless neutrinos)
[3 lepton masses + 6 quark masses + 3+1 CKM parameters]

... whose values span 5 orders of magnitude and do not look at all accidental

Mu,d,e ~ Vexkm ~

v =)y

» They respect an approximate U(2)° = U(2)q xUR2),xU2),xU2),*x U),symmetry
» Lepton Flavor Universality [ U(3), X U(3), ] is a good approximate symmetry ( Ye,w < g Ly)
» Baryon number is exactly preserved

» Individual lepton flavor extremely well preserved (exact for massless neutrinos)
u(l), x U(l), x U(l),

LFV e R
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The SM flavor puzzle

The SM Yukawa sector is characterized by 13 parameters (for massless neutrinos)
[3 lepton masses + 6 quark masses + 3+1 CKM parameters]

... whose values span 5 orders of magnitude and do not look at all accidental

Mu,d,e ~ Vexkm ~

v =)y

» They respect an approximate U(2)° = U(2)q xUR2),xU2),xU2),*x U),symmetry
» Lepton Flavor Universality [ U(3), X U(3), ] is a good approximate symmetry ( Ye,w < g Ly)
» Baryon number is exactly preserved

» Individual lepton flavor extremely well preserved (exact for massless neutrinos)

( What is the origin of these symmetries”? Will new physics respect any of them?)
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The new physics flavor problem

C; ¢

gSMEFT — gGauge + 3nggs + gYukawa T Z A d—4

Very stringent bounds on the new physics scale if it has a generic flavor structure
(far too heavy to be directly probed or to stabilize the Higgs)

2 /17
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https://arxiv.org/abs/2107.10273

The new physics flavor problem

— d
gSMEFT - gGauge + gHiggs + gYukawa T Z A d—4 Ci @i
id *1
Very stringent bounds on the new physics scale if it has a
(far too heavy to be directly probed or to stabilize the Higgs)
— 107
e T~
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The new physics flavor problem

gSMEFT — gGauge + gHiggs + gYukawa + Z

Very stringent bounds on the new physics scale if it has a
(far too heavy to be directly probed or to stabilize the Higgs)

o
~

% -
= UTsq
< summer20
)
<
s 10
o
pd

10*

o
w

'y
o
¢

—
o

d
A d—4 G 0]
id *ti
4
1 ) _ '
F(l/f,-l/{,-) M® @ MO £
f//

Minimal flavor violation: SM Yukawas are
the only source of flavor violation
[ new physics is flavor blind/universal |

[D'Ambrosio, Giudice, Isidori, Strumia, ‘02]

New physics is flavor specific and
possibly connected to the origin of the
Yukawa hierarchies [ perhaps U(2)-like 7 |
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https://arxiv.org/abs/hep-ph/0207036

Flavor model building

Explain (some of) the peculiar flavor patterns with/without the light Higgs mass

B Froggatt-Nielsen B Warped extra dimensions
Froggatt:1978nt, hep-ph/9212278, hep-ph/ hep-ph/9905221, hep-ph/9903417, hep-ph/0003129,
9310320, 1909.05336, 1907.10063, 2009.05587, hep-ph/ 9912408, hep-ph/0408134, 0903.2415,
2002.04623, 2010.03297... 1004.2037, 1509.02539, 2203.01952...

B (Gauged) flavor symmetries B Partial compositeness
hep-ph/9512388, hep-ph/9507462, 1009.2049, hep-ph/030625, 0804.1954, 1404.7137, 1506.01961,
1105.2296, 1505.03862, 1609.05902, 1611.02703, 1506.00623, 1607.01659, 1908.09312, 1911.05454...

1807.03285, 1805.07341, 2201.07245...

B Multi-scale flavor

Radiative m
@ Radiative masses 1603.06609, 1712.01368, 2011.01946, 2203.01952...

Weinberg:1972ws, hep-ph/9601262, 1409.2522,
2001.06582, 2012.10458...

B Clockwork flavor
1610.07962, 1711.05393, 1807.09792, 2106.09860...
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Multi-scale solution of the flavor problem/puzzle

¢ = = w

i)
gSMEFT — gGauge +:3Higgsl+ gYukawa T 2 , Ci @i Alst fam. ™ @(104 TGV)
[

d—4
3 ' d Ai

- e m l,

Non-trivial UV imprints

The SM Yukawas are very different because they
originate at separate scales!

TeV-scale NP dominantly coupled to third family
| protection from flavor constraints |

4
e€.Jd from L(l//l//)2 0 170 ' v
v

Direct production of new states at the LHC is
naturally more suppressed [ NP scale can be lower ]

= 'As g fam. ~ O(10% TeV)

N

:'A3rd fam. ~ @(T@V)
v~ 246 GeV

[Barbieri, 2103.15635
Bordone et al., 1712.01368
Panico, Pomarol, 1603.06609
Dvali, Shiftman, '00, ...]
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https://arxiv.org/abs/2103.15635
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/1603.06609
https://arxiv.org/abs/hep-ph/0001072

B-physics anomalies

Hints of Lepton Flavour Universality Violation (LFUV) in semileptonic B decays

+ —_—
b—sC™C b — ctv
p/e  universality T/, e universality
[ Fig. from M. Borsato ]
-4
B K D [ o | R
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Ry = B(H;pp)/B(Hsee)
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Consistency of B anomalies with multi-scale picture

b; HiL << b; L
SLX 143 CLX 28
1
~ VIV, ~ 1%
aeve oY QTevy 4!
3, = 2,2,2, 3, = 2,33,

The only source of lepton flavor universality violation in the SM (Yukawas) follows a very
similar trend: y, <y, <y,

Data consistent with TeV-scale NP with a Yukawa-like scaling with |V, |, [V,| ~ 0.1
[ roughly the size inferred from the SM Yukawa |V, | ~ V,, &~ 0.04 ]
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A glimpse into the future
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Future prospects for LHCb and Belle |l

[Belle II, 1808.10567]

Observables

Expected the. accu-
racy

Expected
exp. uncertainty

Facility (2025)

(Semi-)leptonic

B(B — 1v) [10™°] b 3% Belle II

B(B — pv) [1079] *k 7% Belle II

R(B — D1v) ks 3% Belle 11

R(B — D*1v) it 2% Belle II/LHCDb
EW Penguins
B(B — K*vp) [107°] ot 15% Belle II
R(B — K*¢0) s 0.03 Belle II/LHCb
Charm

B(Ds — uv) i 0.9% Belle 11

B(Ds — Tv) i 2% Belle 11

Tau

T — py [10710] Kok < 50 Belle II

T — ey [1071Y] s < 100 Belle 11
T el o <3 Belle II/LHCDb

LHCDb is poor on missing-energy modes (plus almost all 7 decays..)

But...

At Belle |l there are no B, and b & t have a very small boost
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https://arxiv.org/abs/1808.10567

FCC-ee: an ideal experiment for flavor physics?

510 Z  Z—bb~15%
Particle production (10°) B° /EO BB DY /Eg Al N e

Belle 11 27.5 27.5 n/a n/a 65 45
FCC-ee 300 300 80 80 600 150
~ 4% 10° BC“—“ for ch/(fBu _|_de) ~37-1073 [ Table from S. Monteil |

N.B.: Comparison with LHCb depends on trigger efficiency

Large samples for all species of b-flavored hadrons ~ Pec@  Currentbound  FCC-ee sensitivity

Z->ep 0.75 x -6 10-8
Boost at the Z: topological reconstruction of decays
POIOY y Z-> UT |2 x [0-6 |0-9
Clean and hermetic experimental environment 7 > eT 9.8 % |06 109
No pile up and no trigger Decay  Current bound FCC-ee sensitivity
. . . o Al ok [0rE 2 52 10
Several unique signatures not accesible to all
any running or foreseeable experiments T-> 3l 2x 108 J(@e
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https://indico.cern.ch/event/1186057/contributions/5014277/attachments/2506354/4306588/FCC_FlavoursTheory_monteil_20220912.pdf

FCC-ee potential to measure B-physics observables

Decay mode/Experiment Belle IT (50/ab) LHCb Run I LHCb Upgr. (50/fb) FCC-ee
EW/H penguins

B & K* (892)eTe~ ~ 2000 ~ 150 ~ 95000 ~ 200000
B(B® — K*(892)7t7™) ~ 10 - - ~ 1000
By — ptu~ n/a ~ 15 ~ 500 ~ 800
B — utp~ ~5 - ~ 50 ~ 100
B(Bs —» 7t17)

Leptonic decays

Bt — utv 5% — — 3%
BT - 1ty 7% K = 2%
Bf — 1ty n/a — — 5%

[ Table from S. Monteil ]

The huge sample in a clean environment should also allow to study other b — d# ¢~ transitions
such as BY — pf*¢~ or B, » K¥¢+¢~

Models based on minimally-broken U(2)” (Yukawa-like) symmetry predict [ Barbieri et al. 1105.2296 ]

b—>sff_b—>sff b — clv b — clv

b= dff b— dff b= ufv b— ulfy
SM SM
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FCC-ee potential to measure B-physics observables

Decay mode/Experiment Belle IT (50/ab) LHCb Run I LHCb Upgr. (50/fb) FCC-ee

EW /H penguins

B — K*(892)ete™ ~ 2000 ~ 150 ~ 5000 ~ 200000
(B(B® = K*(892)7F7") ~ 10 - - ~ 1000 )

By — pTu~ n/a ~ 15 ~ 500 ~ 800

B — utp~ ~5 - ~ 50 ~ 100

B(Bs — 7T717)

Leptonic decays

Bt — utv 5% — — 3%

Bt —» 1Ty 7% - — 2%
(Bt — rtv n/a - — 5%

[ Table from S. Monteil ]

Very relevant observables out of reach for LHClb/Belle i

The huge sample in a clean environment should also allow to study other b — d# ¢~ transitions
such as BY — pf*¢~ or B, » K¥¢+¢~

Models based on minimally-broken U(2)” (Yukawa-like) symmetry predict [ Barbieri et al. 1105.2296 ]

b—>sff_b—>sz,”f b — clv b — clv

b= dff b— dff b= ufv b— ulfy
SM SM

Javier Fuentes-Martin | Opportunities for flavor physics at future e+ e- EW/Higgs/Top factories


https://cernbox.cern.ch/index.php/s/9ZuIudM8cUATaZD
https://arxiv.org/abs/1105.2296

b — st™t~ predictions in U, leptoquark model

Comparison of b — st~ predictions in two versions of the U, model:
>

» including a right-handed leptoquark coupling
[ Cornella, JFM et al., 2103.16558 |

10_25 oot L i e
Excluded at 95% CL 5
1077 Excluded at 95% CL —
10731 . ;
— —~ 1073 L
& 104l _ & F LHCb (300 b77)  :
~
< Belle IT (50 ab™") 1
T . 1074 -
m 107 E -
oY o
—5
10—6 | ] 10 — —
07— e by 0 - e by
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
0 R p- 0 R p-

Relevant parameter space would be fully probed at FCC-ee!
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Probing new physics with 7/ W decays

(1 — evi) [PSM(T - euﬂ)] B

e I
(7) (u)’ .
9"/ 9e I'(p — evw) | Tsm(p — evp)

[ Pich, 1310.7922 ]

FT—),u/F'r—)e Fw—)u/rw%e FK—);/./FK—M: FK—mu/FK—me FW—)M/FW—)e
19,/ 9el 1.0018 (14) 1.0021 (16) 0.9978 (20) 1.0010 (25) 0.996 (10)
FT—NB/F;L—)C FT—HT/Fw—m FT—)K/FK—>u FW—)T/FW—)M
lg-/g.]  1.0011 (15)  0.9962 (27)  0.9858 (70) 1.034 (13)

FT—)M/F[L—)G FW—)T/FW—)C

6 0l 1003005 1031 3)

NP _ _ = ~ijap (=i uja\cib., .
ZEFT p2 Cir <qu lL)ULy”qL) NP expectation from B anomalies: (0.2 — 4.0) x 1073
JL SM theory precision: ~ 107>

Belle Il can reach (at most): ~ 0.3 x 1073

b
ZL\\ /J'L A
|4 33ctr ~W o
, N g G’ o 1°g< m,) FCC-ee could go below 10~!
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Probing new physics with LFV decays

Explaining b — s ¢~ and b — ctv anomalies requires LQ couplings to both y and 7
—> Lepton Flavor Violation!
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

E.g. U, vector LQ

b H
b—sutu- b — ctv U,
g o Y
8 gy
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

b T
b— sutu” b — ctv U,
81%13 gl? ¢ Ve
gif gl.zz
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

b T
b—stut | b—sutu” b — ctv U,
i £ Y.
e g I
b T
X,
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

b Iz
b—stut | b—sutu” b — ctv U,
b= ST+ﬂ_ 23 33
8lq 8lq S K
22 32
glq glq JL
b X Iz
) T
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

T U H
b—stut | b—sutu” b — ctv b
b— sttu~
K 23 33 4
glq 8lq
T— 1Y
22 32
glq glq JL
7 p
/4

Javier Fuentes-Martin | Opportunities for flavor physics at future e+ e- EW/Higgs/Top factories



Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

s T
b—stut | b—sutu” b — ctv U,
b— stiu”
23 33
g g S H
T — Uy lq lq
T — USS glzq2 gilz JL
s X T
S H
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Probing new physics with LFV decays

Explaining b — s "¢~ and b — ctv anomalies requires LQ couplings to both i and 7
—> Lepton Flavor Violation!

s T
b—stut | b—sutu” b — ctv U,
b— stiu”
23 33
g g S H
T — Uy lq lq
T — USS glzq2 gilz JL
s X T
S H

N.B.: In a theory of flavor ( or a more complete model ) 4 — e LFV would also be expected!
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LFV predictions in U, leptoquark model

Comparison of LFV predictions in two versions of the U; model:
>

» including a right-handed leptoquark coupling

1077 107 107°
[ ' I L ' L L L T U7 vonTrry
I | 1079 | =
Excluded at 95% CL E Excluded at 95% CL : ]
1077 | - 1077 | -
| 107°F E
= | ) E Belle 11 (50 ab™ ') ' :
= ; i e e
| _9 : p—
T o-sl . . T 07 :
=~ C 58 I - ~ C
\m-/ L S i E/ _FCCee
& 10710}
FCC,, - gi
5 1071 L = E
B o Fmm-------------------- S i .
1077 " Belle I (50 ab™") E I 2
; | : 107121 = |
107 107° 10~ 1078 1077 10°° 107° 1074 1073
B(B, — 7 ") B(B, — 7 u')

[ Cornella, JFM et al., 2103.16558 ]
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LFV predictions in other leptoguark models

(R+5, ) (8,+5; )

mpg, = 1.3TeV, mg, = 2.0TeV

i \ Model S;+S,
3
~ -
~ 600+
+
- 3t M !
= )
X E |
Y = 400}
< 2
! -
Q
& SN
T 200}
1 + I
Q
=

.....................

02 04 06 08 : 0 10 20 30 40
Br(r — puy) x 107 Br(B -» K 7 u) x 10°
[ Becirevic et al., 2206.09717 ] [ Gherardi, Marzocca, Venturini, 2008.09548 |
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Conclusions

Although we have not yet seen any clear indications of new physics ( either direct or indirect ),
several interesting ideas remain feasible and promising ( e.g. multi-scale flavor picture )

by running experiments is expected, with the potential to
define/reshape the model building landscape in flavor physics

FCC-ee would offer crucial information in this regard:

B Outstanding performance on EPWO @ Z-pole with no competition ( same for Higgs physics )

B Key advantages in b and tau physics ( boosted b's & tau's + clean ), providing unique
information in several important channels

Thank you!
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