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What is the scale of new physics?

¢ Only lower bounds for now
e From collider searches: Axp = 10 TeV
o AF =2 (K—I_(): Anp z 1056 TeV
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Flavour structure is key! |

How does NP couple to the different generations/flavours?
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Exploring the flavour structure

[LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714]

pp — TT
e Take e.g. Drell-Yan at LHC:
pp — ZOLKB - LI B S B NLE L L L | Cos0.054
e Lighter quark flavours are 2 Cos0.027
more constrained
13 = [~0.13,0.15]
e The same applies also to other v b ors0m,
observables (see flavour,
12 [~0.093,0.014]
electroweak) - ],
11 ) 4 3331 [~0.013,0.076]
—0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8

NP coupling mostly to the third generation is still compatible
with ANP i O(].) TeV
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https://arxiv.org/abs/2207.10714

EFTs parametrise our ignorance

? v < Anp

¢ In the presence of a mass gap v < Axp, we can encode NP effects
in coefficients of higher-dimensional operators

1
Lsvert = Lsm + 2 Zc«zoz@ +-

e Allows for model-independent analyses

e But: 2499 independent parameters at d = 6!

— flavour assumptions to reduce the parameter count
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Flavour symmetries: the U(2) paradigm

* Yukawa terms break U(3)°® flavour symmetry of £&3;%:

U(3)5 £ 17(1) 5 x U(1)r,

» However, light family Yukawas very small: approximate U(2)®
symmetry [Barbieri, Isidori, Lodone, Straub 1105.2296]

U2° =U(2)y x U(2)e x U(2)y x U(2)g x U(2)e

N
Y =y (01) Vel = g = OwiVi) Al ~ b

* idea: impose U(2)® on the SMEFT
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https://arxiv.org/abs/1105.2296

U(2)° symmetry at work

« 9% operators: e.g. Cpe

A= _
Lsmprr O [Crrelij(H'i D H)(e"e;)
2
5 = i = _
O, N HD L H) (e es) + Chl(HTD L H) Y (ees)
i=1
¢ 6 — 2 independent coefficients

o )% operators: e.g. Crequ

= U(2)°® —~
LsmerT O [Crequlijri(Cie;)(Trur) er, C,Eiii?’] (€ze3)(q3us)

¢ 81 — 1 independent coefficients!
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Third generation New Physics and U(2)

e NP is not flavour universal
o Mainly coupled to the 3'¢ generation

¢ Coupling to light generations dynamically suppressed
— avoid flavour and collider constraints

e Mimicks the SM Yukawa sector <» SM flavour puzzle
e Approximate U(2) symmetry

e Construct invariants from bilinears:

Exact U(2)° Minimally broken U/(2)3
3.8 i o
QrYudr + €41 7ndL LVind Vg~ O (“Zd)

good way of suppressing the light
families flavour violating couplings

Which scales are we currently probing?
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SMEFT and U(2)°

1
LsmerT = Lsm + 2 Zci(’)ﬁﬁ) +

¢ 2499 independent parameters at d = 6
« Exact U(2)%: 124 CPC + 23 CPV

[Faroughy, Isidori, Wilsch, Yamamoto 2005.05366)

U(2)® [terms summed up to different orders]
Operators | Bxact | O(VY) | o(v?) | o(v',AY) | o2 Al | oz AV | ovs,Alv?)
Class14 (9 6 (9 6 /9 6|9 6 9 6 9 6 9 6
pH? 3 |6 6 |6 6 |9 9 9 9 12 12 12 12
V2 XH 8 8 |16 16|16 16|24 24 |24 24 |32 32 32 32
$2H?D 5 1 /19 5 |23 5 |19 5 23 5 28 10 28 10
(LL)(ZLL) |[23 - [40 17|67 24|40 17 |67 24 |67 24 74 31
(RR)(RR) || 29 - |29 - |29 - |29 - 29 - 53 24 53 24
(LL)(RR) |32 - |48 16|64 16|53 21 |69 21 |90 42 90 42
(ZR)RL) |1 1 |3 3 |4 4|5 5 6 6 10 10 10 10
(LR)(LR) |[4 4 |12 12|16 16|24 24 |28 28 |48 48 48 48
total: |[124 23 | 182 81 | 234 93 |212 111 |264 123 |349 208 356 215

Table 6: Number of independent operators in the SMEFT assuming a minimally broken U(2)® sym-
metry, including breaking terms up to O(V'3, AV!). Notations as in Table 1.

— Study 124 CPC operators one-by-one
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https://arxiv.org/abs/2005.05366

at different energy scales
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Analysis strategy

[Fuentes-Martin, Ruiz-Femenia, Vicente, Virto 2010.16341)

e Take into account RGE effects by running up the Wilson
coefficients entering the observables up to A = 3 TeV
— approximate full resummation using DsixTools
e Impose exact U(2) at the high scale
¢ Distinguish two cases for flavour-violating couplings:
- U(2) basis up-aligned
- U(2) basis down-aligned
e Construct the combined likelihood from collider, EW, and flavour
observables as a function of the 124 CP conserving invariants

e Switch on one operator at a time
— get lower bound on Anxp (quote everything at 30)

SMEFT and 3'd generation New Physics (L. Allwicher) 10


https://arxiv.org/abs/2010.16341

Bounds on U(2)-symmetric operators

[LA, Cornella, Isidori, Stefanek 2311.00020)

e O(5 —10) TeV bounds

o Can we go below Ag = 1.5 TeV? 3'4 gen. New Physics?

m Flavor (down) m Flavor (up) m EW
10~ , ;
[HD|Yuk. Hy Dip. lq qq
8l
6l

TeV
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m Collider

Yi

Eloop = 1672

ledq


https://arxiv.org/abs/2311.00020

Suppressing the light families

[LA, Cornella, Isidori, Stefanek 2311.00020)

* g¢ for each light quark field
e ¢y, for each light lepton field
e Operators with Higgs fields still give strong bounds (EWPO)

m Flavor (down) M Flavor (up) m EW  m Collider

10 [HD|Yuk. |Hy Dip. |¢g 7 o fedq
8 [ o i

I 109 1672

r @ = 0.16
°r e = 0.40

TeV
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https://arxiv.org/abs/2311.00020

Suppressing Higgs couplings

[LA, Cornella, Isidori, Stefanek 2311.00020)

e ¢y for each Higgs field
e Some flavour bounds still large (in the up-aligned case)

W Flavor (down) M Flavor (up) m EW  m Collider

10 [HD|Yuk. | Hy Dip.  |tq aq o ledq
[ B mixing
8¢ _ G
’ fon = Tom2
r Q= 0.16
or e = 0.40
=
o [ =
= [ EH 0.31
4
2+
O >J
S 3%
S R
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https://arxiv.org/abs/2311.00020

Flavour alignment

[LA, Cornella, Isidori, Stefanek 2311.00020)

a3 = [(1 —er)dsr +erVar]d\? ~ gy + er(Visqs + Viada)

= [(1 - EF)(VT)sr + 5F53T] qﬁu) ~epqr+ (1 —er)(Vide + Vipau)
15% down-alignment needed to pass Bs mixing constraint

M Flavor m EW m Collider

10 [HD |yuk. |Hy Dip.  |fg w o tedq
8 [ _ 9
o = g
3 eg = 0.16
_ 6r e = 0.40
ﬁ [ ey = 0.31
4L Ep = 0.15
2k

3T T Ey

T3 3 Sc252s®
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https://arxiv.org/abs/2311.00020
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Isidori,

, Cornella,

<
=

e 5 x 10'2 Z bosons at FCC

¢ Precision in EWPO improved by up to 2 orders of magnitude

v EW (FCCee) m Collider

m EW
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https://arxiv.org/abs/2311.00020

* Investigated the SMEFT in the U(2)°-symmetric limit, including
flavour, EW, and collider data

e Accounted for RG effects from a NP scale A = 3 TeV

e Third-generation NP scenario “enforced” by introducing
suppression factors ¢;

e For
g S0.16 er <040 eg <031 er <0.15

NP scale can be as low as Ag = 1.5 TeV

e Expect one order of magnitude improvement at FCC-ee
(driven by EWPO)

Thank you!
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Suppressing the light families

[LA, Cornella, Isidori, Stefanek 2311.00020)

« So far, only U(2)° protection

» No suppression of operators involving the light families
* £q for each light quark field

e ¢y, for each light lepton field

Examples:

2 2
Cgﬂ(HTzD H) Z evte;) %sLC[“] HTZD wH) Z evte;)
i=1 i=1
¢y Z (EA Y@ yua’) = e1e5 Cy " Z (") (@ yud)
ij=1 i,5=1

e Dial down ¢g; until collider bounds are below Ag = 1.5 TeV
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The Higgs and U(2)°

e If we want to address both the Higgs hierarchy problem and the
flavour puzzle, NP should couple to the Higgs as well

e Take e.g. a Z’ model, one generically gets contributions to

EWPO
H a H S H
\\ Z/ ‘\ Z/ /I
, )’\/\r(\
H @ ' NH

5 Y
N HY D L H) (a3 a}) Cup|H'D ,H|?

U(2)° does not offer protection for these contributions

e Need to suppress the NP couplings to the Higgs to avoid EWPO
constraints
e ¢y for each Higgs field in the EFT
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Flavour alignment in the 3" generation

[LA, Cornella, Isidori, Stefanek 2311.00020]
e ¢} is somewhere in-between down-aligned and up-aligned

¢ £p to parametrise the amount of down-alignment:

0 ~ Veper
(Vi + v v ) =1
Viadr + Vissp + Vb ) — ’
&= (VJbuL +Voper + Vt’ZtL>
Vcb bL

g3 = [(1 —ep)ds, +erVar] gt D ~ gy + er (Visgs + Viaga)
=[(1—er)(V)sr +erds]q M~ epg+ (1—er)(Vige + Vi)
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