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Participating in the November Revolution

Mixing of p Wave Axial Vector Resonances

Riccardo Barbieri (CERN), Raoul Gatto (CERN), Z. Kunszt (Eotvos U.) (Dec, 1976)
Published in: Phys.Lett.B 66 (1977) 349-352

pdf 2> DOI — cite [[d reference search %) 11 citations

Meson Masses and Widths in a Gauge Theory with Linear Binding Potential #2
Riccardo Barbieri (CERN), R. Kogerler (CERN), Z. Kunszt (CERN), Raoul Gatto (Rome U.) (Jun, 1975)
Published in: Nucl.Phys.B 105 (1976) 125-138

> DOI - cite [Q reference search %) 243 citations

Electron-Positron Annihilation Above Charm Threshold

Riccardo Barbieri (CERN), R. Kogerler (CERN), Z. Kunszt (CERN), Raoul Gatto (Rome U. and INFN, Rome) (Jun,
1975)

Published in: Phys.Lett.B 56 (1975) 477-481

pdf > DOI = cite [[d reference search %) 17 citations

Meson hyperfine splittings and leptonic decays
Riccardo Barbieri (CERN), Raoul Gatto (INFN, Rome), R. Kogerler (CERN), Z. Kunszt (CERN) (May, 1975)
Published in: Phys.Lett.B 57 (1975) 455-459

2> DOI - cite [Q reference search %) 264 citations

More to say at the end ...



The SM Lagrangian
(since 1973 in its full content)

L papy | o
Loosy = 4F,UVF T4y Dy (+~1975-2000)

_|_‘Dﬂh|2 —V(h) (~1990-2012-now)

+y;Ahi W ih+h.c. (,2000- now)

In () the approximate dates of the experimental confirmation
of the various lines (at different levels)

The synthetic nature of the SM exhibited



Observational Questions from (problems FOT‘) the SM Structural
0. Which rationale for matter quantum numbers?
Eg: |Qn—Q,— Q. <107 e
1. Phenomena unaccounted for
S

2. Why 0 <1010 72 0G,,, G"

Axions? A discrete space-time symmetry?

neutrino masses Are the protons forever?
Gravity What about individual L;conservations?

4. Lack of calculability

N e hierarchy problem . none of the 15 masse
the flavour puzzle predicted in the SM



Where could some light come from?

___— la BSM
—— 1b Foundations (FT, QM in curved space)

On la, not that one hasnt tried, sometimes with great ideas (GUT, susy, axion,...)

— 2a DM, Dark Energy, B-asymmetry
— 2b Early Universe, Inflation
2¢ Black Holes, Grav. waves

Fundamental questions. Related to the structure of the SM of PP?

3.An experimental deviation _—— 3a New parficles

\F\mm fhey 3b Precision

Focus on 3b, assuming (which requires) new physics in the MultiTeV,
(as made likely by the hierarchy problem, still pending)




An extreme summary in precision measurements

(European Strategy for PP, 2020)

"Mid-term” prospects:

All approved exp.s + LHCb II
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Flavour and EDMs (CPV) dominate



A more detailed plot

C;
L=Lsym + Zz’pOi
)
. B 107
T = GGy :
99; _ -a o =0 B iq; o o —
2 = 9;r9;L9RLL > Zq — q‘quiLQ_IjBLq'IZBR7
giqj — Q?RQ?LQ?RCI?L ; 50 = Q?qu:ﬂL%@LQ?R-
':/ 103
NMFV L =Lgoy +2;———0;
A? 1
) 10
M 2 1
F>M(Cg.p) = (ViaVj5)?e'?5r 10

F*M(Cp,) = (VigVyp ) e'?Ba

(from actually measured flavour quantities only)

1 Generic Flavor Structure @ N@
Re(Ck) Re(Cp) Ce, UTz¢
Im(Ck) Im(Cp) Cg,
T~
Cs Co Cs Cs Cs

Pierini, 2023

Where is the actual scale of flavour physics A/ 2 Must AT be “low"?

How low can A/ be? Can one “make sense” of "NMFV*“?



Must A’ be “low”?

Is the hierarchy problem related to the flavour puzzle?



A difference in the two sectors of the SM?

1

Loy = —ZFSVFWV + U PV The “gauge sector”
HDMMQ T MZWQ — )\WLL + A + )\z‘ij‘I’i\I’j The "Higgs sector”
/' / \(where the Fermi scale originates)
the hierarchy the CC problem the flavour
problem problem

T

In EFT they look
much the same

NoO particle mass
alculable (15=17-2

To me: the relatively best motivation for BSM in the MultiTeV
(and a strong motivation for the next HE collider)



(Approximate) symmetries of the Yukawa couplings

Charged fermion Yukawa couplings

ml/mg 0 0 1 A )\3
Y < U 0 ma/ms 0 | Ur  mi/m3g <<mo/m3<<1 UNUNT =Vermw~| X 1 N\
0 0 1 AP




(approximate) symmetries of the Yukawa couplings

Charged fermion Yukawa couplings

YO(UI—I—:(

ml/mg 0 0

1
0 mg/mg 0 ) Ug ml/mg << mg/mg << 1 U;—f(Ug)_l_ = Vorxu & ( A
0 0 1




(approximate) symmetries of the Yukawa couplings

Charged fermion Yukawa couplings

ml/mg 0 0 1 A )\3
Y < U 0 ma/ms 0 | Ur  mi/m3g <<mo/m3<<1 UNUNT =Vermw~| X 1 N\
0 0 1

U(2)q = U(2)qg x U(2)u x U(2)q

3) IF 2+ [Uf glizg SWUL Rz = U@)g x U(2)u x U(2)a x U(2); x U(2)e

Can U(2)" emerge as an accidental symmetry? B Isidori et al, 201l

What breaks it?



A definite goal: Precision in composite Higgs

4 )
My = Gx
A two-parameter f Giudice et al, 2007
"theory”
_ ""H y
H = pNGB
f = scale of symmetry breaking Fine tuning = (%)2 v = 175GeV

M., = scale of Higgs compositeness



An EFT approach

4 d () )
m ®* d A, AW
g: Mg My My 2

@d = Strong resonances of dim d (J=0,1/2,1,...) including H

1
W' Ay = SM fields Redi, Wyler 2011

o = flavour pars, subject to suitable symmetries B, Buftazzo et al, 2013
Glioti et al, 2024

| )\ia
cif — gf
bcdefla [GZ]jbelgc[6;]ldqi7ﬂqjqk7“ql Caby Cabed = 0(1)

If €11 << e << €33 “anarchy” = m, > 10°7°TeV (g, /47)
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(Quarks only)



Right Univ =

'fI, respecting
U(3)y X U(3)q4

Left Univ =
7\;1/ respecting
U(3)q

Summary of excluded/sensitivity regions
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Can one "make sense” of "NMFV“?

(or of the symmetries respected by XfI, in the previous case?)

FSM F*M(Ck.p) = (VaaVj5) e
L=Lsym+ 2i—5 0, |
A; FoM(Op,) = (VigVip) e P

Can one relate the F°" to the structure of Y“%?



All the SM in 1 page

1. Symmeftry group L x G

L = Lorentz (space-time)
G=SU3) xSU(2) xU(1) (local)

2. Particle content (rep.s of L x G)

h Q) L U d e
Lorentz 0 1/27, | 1/2¢ | 1/2r| 1/2r | 1/2g
SU(3) | 1 | 3 1 3 3 1
SU(2) 2 2 2 1 1 1
U(l) |-1/2 | 1/6 |-1/2 | 2/3 | =1/3 | —1

3. All “operators” (products of ®,0,®) in L
of dimension < 4

h=c=1=[4,] =6l =9, =M, [¥]=M"2 [£]=0’



Minimal Flavour Deconstruction
SU(3) x SU(2) x Gy
Gy =U(1)y xU1)p2, xU()g, x ULy, HZ (~1/2,0,0,0)

B, Isidori, 2023

e, = O X
Aps) " Apg
(Still EFT)

Can one construct an explicit 4d gauge theory without small Yukawa couplings?

(Where do the A's come from?)



Minimal Flavour Deconstruction in 4d

vev scale Field | U1)Y | U2, | U5 | U@ | sU@3) x SU(2)
v Hyq | —1/2 0 0 (1,2) Zo: H, —u H;—de
x? || —1/6 1/3 0 0 (1,1) B .
O(1071) x Apg | X 1/2 —1 0 0 (1,1) tanf = vu/va = 10 + 30
¢ 1/2 0 —1/2 0 (1,1) V= A(x9)3
O(1071) x Apgj o 0 0 1/2 —1/2 (1,1)
E A
Uy x ULy x UME L x UMW), (o)
Ao S92 I co = Ao
Universal breaking
of the gauge grou X
JengE IroRp U x U5, x U,
q,l
—= I ? Aps T Aps
U(l)y
o L <Hu,d >

(Where do the A s come from?)



MOdel A 1st way for the A's

3 12 2 A
ULy | UMWY, | UQ)R | U@ | SU®B) x SU(2) E Mod-A
| U, | 1/2 1/3 0 0 (3,1)
licht VL ’
8 Do | —1/2 | 1/3 0 0 (3,1) My, ps.Es
(a=1,2) Apo)+
Vector_like ferm E, | —1/2 1 0 0 (1,1) - I
ector-like fermions Us 0 13 19 0 (3.1)
heavy VL  Ds 0 1/3 —1/2 0 (3,1)
E; 0 —1 —1/2 0 (1,1)
A MU1,2,D1,2,E1,2
23] T
<> < x> I




MOdel A 1st way for the A's

3 12 2 1 A
v¥ v, v vl | suE) x su@) E Mod-A
ieht v, U 1/2 1/3 0 0 (3,1)
(o =1,2) Dy | —1/2 1/3 0 0 (3,1) A Mu,,Ds, B
Vector_like £ . o E,| —1/2 1 0 0 (1,1) [12] T - I
heavy VL.  Dg 0 1/3 —1/2 0 (3,1)
Es 0 —1 —1/2 0 (1,1)
MU1,2,D1,2,E1,2
Ajag) l
<>, < x> I
Ly = @ésu:s@*- Vi GUaHu + yX* Untsx® + Y53 Uatizd + Y33 UraULs o

Most general d < 4
— + 924 UroUrs¢ + y7* Usuyo + h.c.) + My, UsUs + My UaU,



MOdel A 1st way for the A's

A
v v, [v@B vl | su@) x su(e) E Mod-A
. Uy | 1/2 1/3 0 0 (3,1)
light VL
(lg_t 1\/2) D, | —1/2 1/3 0 0 (3,1) A My, Ds.Es
| | *=5% B o2 | - 0 0 (1,1) [12] T - !
Vector-like fermions U, 0 1/3 1/2 0 (3.1)
heavy VL.  Dg 0 1/3 —1/2 0 (3,1)
E; 0 1 —1/2 0 (1,1)
MU1,2,D1,2,E1,2
Ajag) l
<>, < x> I
Ly = s §3U3®F Vi GUaHu + yX* Untsx® + Y53 Uatizd + Y33 UraULs o

Most general d < 4
— + 924 UroUrs¢ + y7* Usuio + h.c.) + My, UsUs + My UaU,

i Hu i Hu : Hu
; ; ; And similar
§ <X'> E <Q> E <P larly
Yu i \ ',". .\ ',/' '\ /c" <'G > For Yd, e
q 2 Ua .o' L 3 q 2 Ua .,o u2 q 2 Ua .\./,: ul
\ R \ R Uy "N\R
~u,
Yiabasy1 “€s€e ylayaz €o y1292 Ty (% _9
V o~ | gz 5%u bu — =10 €y = €p =010
u R | Yona3¥1 “€o€s  Yoalas s Yol TEx U1

~ 0 ~ 0 Y3 yYs=01=+1 € ~2-1077



Phenomenology at /s3] (universal)

3 12 2 1
U x UMW), 0 x UG x UL},

3R

! gs gB gr gr

g3 >> gB, 9T g = ¢'/sina gr = g'/cosa

A : b 07
U(l)g?ﬁ] o U(l)EéQ_]L U(l)[%i For every tree level effect at Aja3), 4 parameters: mz,,,ca,b and (07 )23
( N
A[23] + _ Zss Bsa — pp 1/4<b<4, 1/2<t,<?2
22 b— s+l Mz,, >4+95 TeV
v ’ Near MFV in the b,t, T - sector
EWPT

Z g/2 b

N pp — U y E g L~ m o (UL?)bUqu)QOlq q=s,d

mZég 43 (1 + b)toz _
Mz,, 9 Vb(1+12) XL+ Ix?/9 (an overall fit still lacking)




Phenomenology at Aj19 (universal)

U(1)¥ x U(1)
g3

gs >> 3gB, 49T

[12]

(B—

dB

L)/2

X U(l)%R

gr

g = ¢'/sina

1
X U(l)[TgR
gr

gr = ¢’ /cosa

At A[lg] 3 pars : Mz, and (%’d)m

AS =2
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L
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(Ur25U0q)? O3 + (Up2eUgion ) * OFY]



Phenomenology (details)
gs >> 4B, gt gB — g’/sina ar — g//COSOz

VU = Standard fermions in interaction basis

[:223 — g/ZQB,u\Iﬂy,ui/[QS]\IJ ‘CZég — g3Z§3u\IﬂyNY[3]\IJ
23] _ 3] — L\ 119] [12] _ b _ oty — bty _ ¢]°
VP =apY Pt cota(——=) Hlalyr @3 = 55a—mw 25 Ty " P+ /s
o SN Sec
Z12 cOSOL 121 ,u( 3R SR)
2 2 2 2 2 m% 2
my = Myq -+ 5mZ 5mZ — —Sw m o (CL12 T a3)




Back to the "mid-term” prospects
of flavour



Flavour precision tests, a partial list (2022)

Input Reference Measurement UTfit Prediction Pull
sin 23 22], UTfit 0.688(20) 0.736(28) —1.4
v 22] 66.1(3.5) 64.9(1.4) 0.29
o UTYfit 94.9(4.7) 92.2(1.6) +0.6
e-10° [38] 2.228(1) 2.00(15) +1.56
Vud UTYfit 0.97433(19) 0.9738(11) +0.03
V| - 10° © UTfit 3.77(24) 3.70(11) +0.25
Vs - 10° (excl) [39] 3.74(17)
Vus| - 10° (incl) [22] 4.32(29)
Ves| - 10° © UTYit 41.25(95) 42.22(51) —0.59
Ves| - 10° (excl) | UTfit 39.44(63)
|Ves| - 10% (incl) 40 42.16(50)
Vs |/|Ves| 39! 0.0844(56)
AMg x 10?571 38] 0.5065(19) 0.519(23) —0.49
AM, x 10*?s~1 38 17.741(20) 17.94(69) —0.30
BR(Bs — pp) x 10°|  [38] 3.41(29) 3.47(14) —0.14
BR(B — 1v) x 10* 38! 1.06(19) 0.869(47) +0.96
Re (¢' /e) x 10* 38! 16.6(3.3) 15.2(4.7) +0.27
(lg/p|p — 1) x 107 0.05(2.50) 0.8(4.0) —0,15
BR(BT — KTvv)10° 23(7) 5.58(37) +2.5
BR(K™ — ntvv)10"! 10.6(4.0) 9.31(76) +0, 3
Rp 0.344(26) 0.298(4) +1.7
Rp~ 0.285(12) 0.254(5) +2.3

UThHt Collaboration

with some little integration

(No EDMs, 10 — €7, etc.)



Current precision

Input Reference Measurement UTfit Prediction Pull
sin 23 22], UTfit 0.688(20) 0.736(28) —1.4
v 22] 66.1(3.5) 64.9(1.4) 0.29
o UTYfit 94.9(4.7) 92.2(1.6) +0.6
e - 10° [38] 2.228(1) 2.00(15) +1.56
Vud| UTYfit 0.97433(19) 0.9738(11) +0.03
Vus| - 10° © UTYfit 3.77(24) 3.70(11) +0.25
Vub| - 10° (excl) [39] 3.74(17)
|Vus| - 10° (incl) [22] 4.32(29)
Vep| - 10° UTfit 41.25(95) 42.22(51) —0.59
Ves| - 10° (excl) | UTfit 39.44(63)
|Ve| - 10° (incl) 40! 42.16(50)
Vs |/|Ves| 39! 0.0844(56)
AMy x 102571 38| 0.5065(19) 0.519(23) —0.49
AM, x 10*?s~1 38 17.741(20) 17.94(69) —0.30
BR(Bs — pup) x 107 [38] 3.41(29) 3.47(14) —0.14
BR(B — 7v) x 10* 38| 1.06(19) 0.869(47) +0.96
Re (¢' /e) x 10* 38] 16.6(3.3) 15.2(4.7) +0.27
(Ig/p|lp — 1) x 107 0.05(2.50) 0.8(4.0) —0,15
BR(BT — KTvv)10° 23(7) 5.58(37) +2.5
BR(KT — ntvy)10M 10.6(4.0) 9.31(76) +0,3
Rp 0.344(26) 0.298(4) +1.7
Rp- 0.285(12) 0.254(5) +2.3

current

4%th/exp
5%exp

5%exp
8%th
0.1%th
8%exp/th

2% exp/th

5%th/exp
4%th
9%exp
20%exp
30%th

100%th*
35%exp
40%exp
8%exp
4%exp

iSUOI}D]24400 Buouls yiim



Conceivable progress in the "mid-term” of flavour

Input Reference Measurement UTfit Prediction Pull current mid-ferm
sin 23 22], UTYit 0.688(20) 0.736(28) ~14 4%th/exp 0.6%
v 22] 66.1(3.5) 64.9(1.4) +0.29 5%exp 0.8%
o UTfit 94.9(4.7) 92.2(1.6) +0.6 5%exp 0.4%
e-10° [38] 2.228(1) 2.00(15) +1.56 8%th
Vud| UTYfit 0.97433(19) 0.9738(11) +0.03 0.1%th
Vaus| - 10° © UTYfit 3.77(24) 3.70(11) +0.25 8%exp/th 194
Vus| - 10° (excl) [39] 3.74(17)
[Vus| - 10° (incl) [22)] 4.32(29)
|[Ves| - 10° © UTYfit 41.25(95) 42.22(51) —0.59 2%exp/th 0.5%
V| - 10° (excl) | UTfit 39.44(63)
V| - 10° (incl) 40! 42.16(50)
Vs |/|Ves| 39! 0.0844(56)
AM, x 1012571 38] 0.5065(19) 0.519(23) —0.49 5%th/exp 2%
AM, x 10**s™1 38 17.741(20) 17.94(69) —0.30 4%th 1.5%
BR(Bs — pp) x 10°|  [38] 3.41(29) 3.47(14) —0.14 9%exp 4%
BR(B — 7v) x 10* 38| 1.06(19) 0.869(47) 0.96 20%exp 4%
Re (¢' /e) x 10* 38| 16.6(3.3) 15.2(4.7) +0.27 30%th
(lg/p|p — 1) x 107 0.05(2.50) 0.8(4.0) —0,15 100%th* 30%*
BR(BT — KTvv)10° 23(7) 5.58(37) +2.5 35%exp 10%
BR(Kt — nTvr)10! 10.6(4.0) 9.31(76) +0, 3 40%exp 20%
Rp 0.344(26) 0.298(4) +1.7 8%exp 4%
Rp+ 0.285(12) 0.254(5) +2.3 4%exp 2 50/

(No EDMs, 1 — ey, etc.)

iSUOI}D]24400 Buouls yiim



Summary

1. The flavour puzzle and the hierarchy problem are

key open issues in BSM
(and a strong motivation for the next HE collider)

2. Precision offers an indirect discovery potential of NP
at MultiTeV, if any, before the next HE collider

3. If the Higgs is composite, A/ mast be “low”
and subject to flavour symmetries

4. " Deconstructing” SM gauge interactions may be

a way to address the flavour puzzle
and make sense of NMFV in b,t,7 -physics



Engadina, 1997




Zurich, around 2000




Last but not least

4
.

where?, 2000

Cheers to Zoltan
and to all his family



