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LFU: origin and observable

Experimental summary and implications for New Physics

LFU violation in New Physics

Summary



Flavour Physics
» Flavour universal

(] A/ﬂ Z \ }7
» couplings 51:]- in flavour space % q; %‘9 i N 4

» example: strong and electromagnetic interactions q/ | q% ) q/

» conseguence of gauge invariance

» Flavour
» couplings /liél-j (diagonal, but not necessarily universal) | CKM matrix
» example: Yukawa interactions » Cabibbo-Kobayashi-Maskawa matrix
» Flavour violation (changing) ' ez sieig  sige e
> couplings involve different quarks TS 012823813?;513 Czcas — s1zoms1ze”  smes
| S12823 — C12Cp3813€Y8 —CiaS23 — S12C23513€°13 cazc1z

»no flavour violation in lepton sector (m, = 0)
» 3 mixing angules and 1 CP phase

> example: W= interactions in quark section » CP violation in the Standard Model

» Flavour Changing Neutral Current (FCNC) ;
» absent at the tree-level not enough to explain the baryon asymmetry in our universe
» arise at the one-loop, but suppressed by GIM mechanism

new CP violation sources

» Why flavour physics
» New physics <= 0(10”) BB events at BaBar and Belle
» structure of CKM and mass
» CP violation
» strong interaction

penguin
diagram

experimental status

no evidence of NP Bkl
but, anomalies PESEY,; 3



Origin of LFU

» Flavour universality in lepton sector

) —1 0 07 |er -1 0 07 —[¢% —1 0 0
RV 2, Y | er Ar TRl |0 —1 O |ux| =18 Ar TRUI) O —1 0 (Ur|Hr| =18k Ar %% |0 -1 O
I interaction eigenbasis L 0 0 —11 [, | mass eigenbasis L0 0 -1 “ LR L0 0 -1
hypercharge of U(1)y Cr = Uply flavour universal
YeR — Y,MR — YTR =—1 Up: complex 3 X 3 unitary matrix
10 07 |Yet 10 0],-.[%r 10 0] [Yer
V"W, v o e, A 7o 1 o| |we| =le fL %L@O 1 O} U, {Yur| =8 Ar 7| |0 1 0f [¥ue
0 0 1|y, “Llo 0 1177 v 0 0 1 [vr

. . flavour universal
neglecting neutrino masses, one can always choose U, = U,

» Flavour non-universality in quark sector

10 0] |4 J1 0 0] |4 Ve Vus V| |4y
iy Widy o |y ¢ 7] [0 1 of [sp| =1a, ¢ 7 Uijo 1 ofUsise| =|a, ¢ %) |Vea Ve Vel |5
0 0 1l |p 1o o 11y, v o, | g,

s

flavour and non-diagonal




accidental symmetry

l.e. symmetry holds for operators of dim=4, but broken by dim>4 operators

Origin of LFU

» Flavour universality in lepton sector

] —1 0 07 |% ~J-1 0 07 —J&% —1 0 07 [«
I,'QVﬂZﬂYf;e‘x [éll? Ar Tl 1 O —=1 0 Hr| = |er Hr TR , _ F O —1 0 [Ug|Hr| = [ER HR ’Z'R] 0O -1 O HR
I interaction eigenbasis L 0 0 —11 [, | mass eigenbasis L0 0 -1 “ LR L0 0 =11 L%
hypercharge of U(1)y Cr = Urlr flavour universal
Y =Y, =Y =-1 Up: complex 3 X 3 unitary matrix
) 10 0] |YeL 1 0 0],-.]%t 10 0] [Yer
Wiy lep a7 [o 1 of [me| =en A T Ul10 1 0[U, |%uL| = e, ap Tl [0 1 0] |ur
0 0 11|, “1lo 0 11" v 0 0 11 |vy
neglecting n_eutrir_m masses, one can always choose U, = U, flavour universal
» Flavour non-universality in quark sector
10 0] |% J1 0 o] |4 Ve Yl V| |
i y*Wyidy @, ¢ @l |o 1 of |se|=|a, ¢ LU0 1 ofUsise| =|a, ¢ 7] |Mead Vo V| |52
0 0 1l |p 1o 0 115, v e v, | b,
flavour and non-diagonal



LFU Observable

» Definition
examples:

O6(H — ¢, (+¢) + X) BB - Kuu)

RiFy =

R, =
@(H —> fz (+f2) +X) K L@(B —> K€+€_)

Experimental uncertainty largely cancelled.

AlFUS O(H - ¢, (+¢) +X) — O(H — £,(+6,) + X)

» General analysis within New Physics

input parameter (mass, CKM, ...)

OH — u (+u) + X) I
e — N 7 (NP _ NP
fLru = OH — e(+e) + X) % e ? (8, 861\)

SM hadronic parameter NP couplings

hadronic (decay constant, form factor, ...)
and parameter (CKM factor, ...) hadronic uncertainty
uncertainty largely cancelled in the SM part remains in the NP part
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ﬂ’ K, T SyStemS A. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41

B. Bryman, Cirigliano, Crivellin, Inguglia, Annu. Rev. Nucl. Part. Sci. 2022. 72:69-91

» ;T decay
¥ A
g, = L= evy)] (—“) — 1.0010 =+ 0.0009
Y TP — uvu(y)] Ae /g,
» K decay LFU holds @0 (0.1%)
1'& — A
ge - DIE" =~ ev(y) (—“) — 0.9978 + 0.0018
b T [Kt — pto(y)] A, RK
I'[K — mev(y)] A A
Rf_m = —— ' = = 1.0022 £ 0.0024 = = 0.9995 £+ 0.0026
/1 'K —> ruv(y)] (Ae )RziLﬂ | A, R +
e/ e/
> 7 decay
P Br(t™ — pu v,v;) (é) — 1.0029 + 0.0014 =0. Belle II, 2405.14625
T/e Br(u— — 6_17evu,) A, ] - o T0076  0.0055
Br(z— — e~ v,v,) A B Ao
R, = —~ ] =1.0010+0.0014 |
= Br(u — e v,0,) (Au)t . mmee
Br(t— — wv,v,) A ¢ udat ~ Blengox
R‘L' — M TR — 1. +0. ¢ recent updates |
/e Br(z— — e~ v,v,) (Ae )T 1.0018 + 0.0014 < 099 100 101 102 103 104 105
9./ el
Br[t —» 7 (K)v,] A A
R‘L’JI'(K) — _T — L _T — 4
v/ Br{ (K) — pv,] (Au )n 0.9964 + 0.0038 (Au )K 0.9857 +0.0078



Z and W boson

» Z boson decay

F(u*p=)/T(eTer) M2/l
VALUE DOCUMENT ID TECN COMMENT

1.0001+0.0024 OUR AVERAGE

0.9974+0.0050 1 AABOUD 17Q ATLS EPP =7 Tev

1.0009+0.0028 2 LEP-SLC 06 EEE, = 88-94 GeV
I‘(1-+1-‘)/I'(e+ e‘) '3/l
VALUE DOCUMENT ID TECN COMMENT
1.0020+0.0032 OUR AVERAGE

1.02 +0.06 1 AAL 18AR LHCB EPP — 8 Tev
1.0019+0.0032 2 LEP-SLC 06 EEE, = 88-94 GeV
F(rtr)/T(utu) r3/l2
VALUE DOCUMENT ID TECN COMMENT
1.0010-:0.0026 OUR AVERAGE

1.01 +0.05 1 AAL 18AR LHCB EPP — 8 Tev
1.001040.0026 2 LEP-SLC 06 EEE, = 88-94 GeV

> W boson decay

[ [ | [ [ [ [ | .I [ | [ ] [ [ [ [ | [ [ [ [ | [ [
; iy
] ATLAS 2403.02133
— = )
B(W—uv) ——i s =13TeV, 140 fb
—AA—
BIW=ev) | AtLAS- this resu o
Statistical Uncert. =
—o— Total Uncertainty -
' ......................
B(W—-tv)| +—ibp—— T
i
B(W —ev)
_v_Jg.h)DF( ) (1992) N d ﬁ d
. Phys. G 34 (2007) 2457, PRL 68 (1992) 3398 I . I S a e ar
D0 i SR Ppeer
PRL 75 (1995) 1456, PRL 84 (2000) 5710 o
-I-P hly_s %Ft) 22019 10 : T
P : )y B B
- LHCDb :
B( W%‘CV ) JHEP 10 (2016) 030 '_AAA'E"
-*-EPJ'AC_?I;EZJ'%§7 Nat. Phys. 17 (2021) 7 _é_|
BW=w) | . cms =
Phys. Rev. D 105 (2022) 7 .
-=- PDG averages :
Prog. Theor. Exp. Phys. (2022) 083C01 + 2023 update ]
| | | | | | | | | ! | | | | | | | | | |

0.95 1 1.05 1.1
B(W— v)/B(W—I'v")

0.9



Quarkonium

Jhy PDG

s efTe ( 5.971+ 0.032) % Y(15) . PDC:‘.

M7 whp” ( 5.961+ 0.033) % r 7 T (2.60 +£0.10 ) %
[, ete (2.39 +0.08 ) %

w(29) N ( 2.48 +£0.04 ) %

o e | e

8 . | . o

9 TTTT (31 +04 )x10~3 3 777 (12.00+ 0.21) %
(s uwhp ( 1.93+ 0.17) %
5 ete” (1.91+ 0.16) %

Y(1S),BaBar N N Y(39)

a R’ — 1.005 & 00134 + o.ozzsyD o 2205 0309,
RI{1S)CFEO = 1,02 4+ 0.025tat £ 0.054yst, M4 pp” (2.18+ 0.21) %
Rr/u ’ = 1.04 + 0.044;, £ 0.09gyst

Y(35), CLEO

KRT/“ = 1.09 = 0.08stat £ 0.09gyst - J




Charm sector: charged current

BEQ—Q uty) | . _
BQ'>Q e 1)

BE-E-u*y) | o _

B(E'>E"e"v)

SL charm baryon decays

BAS —sA%uty) L . a
BAT =A%)

BD'-K-utv) o _
B(D'—>K ~e*y)

BD’-sz—u*v) | ° _
BD->z~e*y)

BD*-2%%y) L o _

B(D*—=alety)

SL charm meson decays

Z(l;iea),u::l/) - — o — r%(D —> //t+U) = (374 * 017) X 10_4\
D et D) BD — 1) = (1.20 £0.27) x 1073
AT : — - B(D, — utr) =(5.35+£0.12) x 107>
\@(DS — 7t1) = (5.36 £ 0.10) X 10—2)
BD’=p—utv) o —

BD=p~etv)

| | | | | Image credit Adam Davis
0.8 0.9 1.0 1.1 1.2




Drell-Yan + b jets

R o e e P ANt CMS Preliminary 138 fb-1 (1 3 TeV) CMS Preliminary 138 fb-1 (1 3 TeV)
4 NP scenario: bef g 2.5__ I I I I I o | | | | | R E 2.5__ | | I I I 1 | I I I I E
= - ] 3 - 1
b + = - BB + BE category 7 =. - BB + BE category 7
¢ s N SM expectation p o N SM expectation R
2___ —4— Observed flavor ratio | 2-__ —4— Observed flavor ratio | _-
g_% N —e¢— DY MC flavor ratio h - —&¢— DY MC flavor ratio h
A } - - :
151 pp = ¢ - 15 pp = € +b(+b) -
; - | | | |
g e — — - : -
g b 1:_ ¢ :F + E 1_ P ) ¢ - i
ot | - ! ] 5 T .
g ‘ N B N B
A P 0.5 —] 0.5 —
g s : : Z i
0 : . | 0 I N
10° 10°
m [GeV] m [GeV]
NP scenario: bb€¢
b A b b
2 2
+
CMS PAS EX0-23-010 (2024 July) > \‘\ ¢
0




Ry anomalies: exp

~ 04 | . : i
é HEl AV 63% CT contours LFU Violation ratio | )Tv.s. e,
‘ BaBar B(B — D TV)
L.HCb B(B — D ZV)
2024
b \ ' QCD and EW contributions factorized
p) 30-0'3 \ %(eﬁlg ( \ hadronic and exp uncertainties cancelled
\\ i tiny theoretical uncertainties
L LHCb’ /
0.25 \2023 ’
N /§024\\ B

4+ HFLAV SM Prediction Bellella\

R(D) = 0.296 + 0.004
0.2 R(D*) = 0.254 = 0.005 2025 R(D)=0.358=0.024 |

) = -+
4 L-QCD FLAG24 (Nf=2+1 for R(D¥)) R(D 0) 3—72 2810011
R(D) = 0.2938 = 0.0054 p=-0.
R(D*) =0.2582 + 0.0051 P(y?) =27% ,

250 R(D)
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Ry anomalies: exp

0.40

New BaBar results with semi-leptonic tag

HFLAV

Moriond 2026

Belle® .

68% CL contours

0.35
LHCb*

Belle’ 4
__0.30F Belle II”
*
o
m ]
0.251
- 156 Belle |1
0.20} =11 BaBar’ A(D) = 0.336 + 0,022
R(D*) = 0. + 0.01
#  HFLAV SM p=-0.51
3 FLAG24 (Nf=2+1 for R(D%)) P(2) = 0.76%
020 025 030 035 040 045 050 055

R(D)

see Lu Cao’s talk for more details.

LFU Violation ratio ztvs.e,u

B(B — D™ rp)
B(B — D™ v)

R(D(*)) — (é — 6, :u)

» QCD and EW contributions factorized
» hadronic and exp uncertainties cancelled
> tiny theoretical uncertainties

universal couplings for e, i, 7 in the SM
-

D) pD+(*)
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Ry anomalies: exp

New LHCb measurements on R(J/y) LFU Violation ratio 7vs.pu
0.49 iCOI\./Ilslfﬂi+OT.3ét4_ '_'_'_— R(J/y) = ?B(Bc — J/yrv)

B(B. - Jlyuv)
LHCb Run 1 7,

0.71 + 0.17 + 0.18] = * — QCD and EW contributions factorized

hadronic and exp uncertainties cancelled

LHCb Run 2 z, tiny theoretical uncertainties

0.51 +0.12 + 0.08
Average | :
0.54 + 0.12 ——  1.80
SM prediction : |
0.2597 + 0.0027 | e ;
PRD 112 (2025) 3, 034503 ; ; b
' | HFLAV )
] i ] i ] ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2
R(J/y)

see Ji-Bo He’s talk for more details.
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Ry + anomalies: NP explanation

R(D¥)

O -4 I I I I I I I I ] ] I ] ] ] ] I ] ] ] |
/) 68% CL contours |
B CKM2025 Belle? ]
0.35 __\ LHCb® % ]
03 L \ Belle < \ /(,/ ]
- . -

C ? LHCB .
025 S Cb>
TR Bele II .
02 R(D*) = 0.254 = 0.005 R(D) =0.358 £ 0.024, ]
4 1L-QCD FLAG24 (Nf=2+1 for R(D*)) R(D 'O) 3:72‘281 =001, -
- R(D) = 0.2938 + 0.0054 p=-0. -
- RD?)=02582=00051 I P(?) =27% _

0.2 0.3 04 0.5

z
g

b
xRT(mUl)

.....

2405.06062, Iguro, Kitahara, Watanabe
1811.07920, Greljo, Camalich, Ruiz-A’lvarez
1810.04939, Q. Y. Hu, X. Q. Li, Y. D. Yang,

LEFT SMEFT
best fit
Oy, = (ev"Ppb)(lv,Prv)  Cy, = +0.08 Pull = 4.8 QY = (v, ') (@' q)
Ov,, = (cy"Pgrb)(ly,Prv) Oy, = +0.01 £0.41i Pull = 4.4 Qledq = (I;e)(dg;)
T0s, = (€PLb)(IPLy) " Cs, = 01920860 pul—43 Q. = (Le)ey (@u)
Os,, = (¢Prb)({PL)  Csp = +0.18 Pal=39 QP = (Loue)es (@™ )
Op = (¢o" Prb)(louw PLv)! Cp = +0.02 +0.13i Pull = 3.8

highly constrained by B, lifetime  B(B. — v) < 60% assumed

Model

Spin  Charge Operators Rp Rp- LHC Flavor

H* 0 (1,2,1) Os, v Vv brv B, — Ty, FP" PP" My

S1 0 (3,1,13) Oy,,0s,,00r v T AM,, PP, B - K®uy

R 0 (3,2,76) Osg,,Or, (Ov,) v V  brv,rr PP My, Z — 77, dy

U: 1 (3,1,2/3) Oy, , Os,, v.. V' brv,mt AM,, Ry, Bs = 7T, dy

vi® 1 (3,2,506) Os,, vV 20 TT Bs — 71, By — v, My

LHC provides important constraints.

(btw, they can be derived by ColliderAgent 2603.14553 ) 14



Ry + anomalies: NP explanation

R(D¥)

O .4 ] I ] ] 1 1 I 1 I 1 1 I T T T ]
A 68% CL contours _
B CKM2025 Belle® i
035 __\ LHCb® % -
03 L \ Belle < \ /(,/ ]
- . -

C ? LHCB .
025 - Cb>
TR Bele II .
02 R(D*) = 0.254 = 0.005 R(D) =0.358 £ 0.024, ]
4 1L-QCD FLAG24 (Nf=2+1 for R(D*)) R(_D"O) 3:72‘281 £ 0.0, -
- R(D) = 0.2938 + 0.0054 p=-0. -
- RD?)=02582=00051 I P(3) = 27% -

0.2 0.3 04 0.5

z
g

other measurements: P_, F;, R, , ...

3“‘\““\“‘
%—Prv)>.

e

p

Im yZT(mRz)

2405.06062, Iguro, Kitahara, Watanabe
1811.07920, Greljo, Camalich, Ruiz-A’lvarez
1810.04939, Q. Y. Hu, X. Q. Li, Y. D. Yang,

LEFT SMEFT
best fit
Oy, = (ev"Ppb)(lv,Prv)  Cy, = +0.08 Pull = 4.8 QY = (v, ') (@' q)
Ov,, = (cy"Pgrb)(ly,Prv) Oy, = +0.01 £0.41i Pull = 4.4 Qledq = (I;e)(dg;)
" Og, = (@PLb)(IPy) % Cs, = 07920860 pul—43 Qb = le)ey (@u)
Os,, = (¢Prb)({PL)  Csp = +0.18 Pal=39 QP = (Loue)es (@™ )
Or = (¢o" Ppb) (Lo, Prv): Cp = +0.0240.13i Pull = 3.8

highly constrained by B, lifetime  B(B. — v) < 60% assumed

Model

Spin  Charge Operators Rp Rp- LHC Flavor

H* 0 (1,2,1) Os, v Vv brv B, — Ty, FP" PP" My

S 0 (3,1,13) Oy,,0s,,0r Vv TT AM,, PP, B - K®yy

R 0 (3,2,76) Osg,,Or, (Ov,) v V  brv,rr PP My, Z — 77, dy

U: 1 (3,1,2/3) Oy, , Os,, v.. V' brv,mt AM,, Ry, Bs = 7T, dy

vi® 1 (3,2,506) Os,, vV 20 TT Bs — 71, By — v, My

LHC provides important constraints.

(btw, they can be derived by ColliderAgent 2603.14553 ) 14



R+ anomalies: correlatio

sum rules for semi-leptonic decays

n

50 = 11+ CF, + CE [+ af¥|CF, + O, + o |OF |

+ap"Re [(1+ Gy +07) (O + C&)] +ap'Re [(1+ O + C;) CF]

=i = 11+ OV P + IV I° + 0 |C5; — CEI° + ay” |CF [

RAC Rp | Rp- | eliminate |1 + Cy, |?, Re[(1 + Cy, )C%, |
e = (0272 £ 0.015) gy + (0.728 F 0.015) Zogyy + O, By
Ac D D* R‘S/M

da. =(—0.001 £ 0.005) (|CE)? +|CE |?) + (—0.007 £ 0.005) Re (C§ C5T¥)
+ (—2.681 £6.907) |CF|? 4 (—0.561 & 1.439) Re (C§T CF™)
+Re [(1+CZ) {(0.041 £ 0.034)CT* + (0.594 + 1.274)C57* )]
+(—0.002 £ 0.009)Re [(1 + C ) CT* + CF Ce*] (

» based on LEFT, model-independent REMCP = 0.242 £ 0.076

+ay* FRe [(1+ CFT) CT] + ay°Re [(1+ CF — CF ) (C&™ — CT™)]

+ay*"Re [(1+ C¥) CF*] + ay*"Re [CT O]

zar = L+ CU P+ OV +ap (IO +ICG 1] +ay’ |CF)

SM
RH

+ag P Re[(1+CF) CF*] +ay Re[(1+ CF ) C¥* + CT CT™]

+ay™ Re

T
+at" Re

2 6 deviation

- 0.017

» for any tau—philic NP R/S\Ij — 0.372 -
R3M =0.324 -
other modes
R R Rp-
> o = 0.288 R—§4 +0.712 R?ljl\f Fox, RS =0.247£0.008
Ry  Rp- R?;I:p R7Y
> =~ — =1.2+0.7
RSY, — RY! RSY,  RD!
R R, B R,
> Rgid = (0.284 + 0.037) R | (0.716  0.037) RE’;A - dp

- 0.004

(1+CF;) C8; + CY.CE] + aif ™ Re [CF S]]

:(1 + C’{Z) C’%T*] + a/F" Re [C{J/;C’%T*] :

1811.09603, Blanke, Crivellin, de Boer, Kitahara, Moscati, Nierste, NiSandzic
1905.08253, Blanke, Crivellin, Kitahara, Moscati, Nierste, NiSandzic
2211.14172, Fedele, Blanke, Crivellin, Iguro, Kitahara, Nierste, Watanabe

R)B(iue H— 0.228 = 0.039 2410.21384, EZ3IE, Iguro, ZF 58, Watanabe, 151l &<

2501.09382, Endo, Iguro, Mishima, Watanabe, heavy quark symmetry
2506.16027, Endo, Iguro, Kretz, Mishima, Watanabe, angular observable
2508.06322, Endo, Iguro, Mishima, Watanabe,

2509.02006, Endo, Iguro, Mishima, Watanabe,

more precise measurements are needed !
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R+ anomalies: correlation

correlation with b — sz~ in SMEFT correlations in U, leptoquark
- 03— 1T T T
{_.] | Bellell PRL 135 (2025) ] /
107 | __| _ w Belle Il CKM 2025 ol
| WwLHCbarXv:2510.13726 . . |
N 0.17
! B* — KTt il
= | B B° — K(892)°T'T 0.0
| 7 B2 — ¢(1020)T' T o | :
SF ;
iler = o1l _‘
I I L I |
095 100 105 110 115 1.20 1.25 |
M ~ 10—7 R(D(*))exp/R(D(*))SM _0.92¢ B N(B . K(*)W_/)
| 0.96 v
. 1 _ _ _ _ M9
l]kl [Qz}'uQJ][kaﬂLl. C(I)O(l)_)c( )([SLYﬂbLHTL}’ﬂTL]+[SL7,ubLHVr7’”UT])’ —0.3r1 10*B(B — 17)
f]kl (07,6 Qjl[Liy*e'L;] CPOB) —>C( )(2Vcs[5L}’ybL] TLyPv )+ SLybL )Tyt | — 10°B(B — KD)
down basis with CV) = C = [Serbrl Bt v) + €5 @V errbilfrrvd), gl L R S
—-0.1 0.0 0.1 0.2 0.3 0.4
LHCb, 2510.13716 ,.4353

Capdevila, Crivellin, Descotes-Genon, Hofer, Matias, 1712.01919 I . _
my = 2 TeV, K33 = 1.5 Crivellin, Iguro, Kitahara, 2505.05552



b — s*¥ decays

»B, > 7" :

» B — Xsf_l_f_ B 7z, 1

-

»B —> K¢~ v

— e
~

» B > K*¥¢/T¢~
» B, — L7
> A\, — ANECTE™

» Flavour-Changing Neutral Current (FCNC)

> Tree-level: forbidden
» Loop-level: suppressed by GIM, & < 6(1079)

—> Sensitive to New Physics

» Many observables: branching ratio, angular distribution, LFV ratio

» NP effects can be sizable compared to the SM amplitude

» This transition is LFU in the SM
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b — s : observables

R BB — Ku*u~)
»B. — £~ g <7 BB > Kever)
¢ »Branching Ratio SM
VB—>XSf+f_ § o | ’RK ~ 1
B s Kkptre 2 Angular Distribution » Hadronic uncertainties cancel
> — o -2 -
LB s Kkpt g > Lepton Flavour Universality (LFU) ratio > 6(107) QED correction
£l deviation from unity
_|_ — .
» B, — ¢ function of (C7,, Cy, C) *
_ Physics beyond the SM
>\, > AT y y
o
Angular distribution of [ermcyr= i dgdgp = 2-[2(1 — FL)sin® O + F cos® Oy
B — K*( N Kﬂ)lft u- —L%(l — F})sin? 0 cos 20, — F; cos® O cos 20,
+ 53 sin? 0, sin® 0, cos 2¢ + Su sin 260, sin 20, cos ¢
+ 55 sin 20 sin 0y cos ¢ + %AFB sin? 0 cos 6, 255
+ 57 sin 20 sin By sin ¢ + Sg sin 20y sin 20, sin ¢ Py = 1 - Fy
- So sin? @) sin® 6, sin 24, 2 Ars
P, = =
31-F
_ %
B3 = 1°w
angular observables Py = 5j=4,578

Fr, Ars, Si = (G, Gy, Gy ), VFL(1 - Fp)
combinations of K*° decay amplitudes

18



b — sT¢: LFU

e
o

1.6

1.4

1.2

1.0

0.8

0.6

0.4

__ Sara Celani - LHCb summary

t
J

RK
R+

Ry high ¢? tHcb-paPER-2024-056 —

RK'mr
Ry
R+
RE,
RpK

[PRD 108 (2023) 032002]

[PRD 108 (2023) 032002]

[arXiv 2412.11645]

larXiv 2410.13748]

[PRL 128 (2022) 191802]

[PRL 128 (2022) 191802]
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Flavour anomalies: New Physics interpretation
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Flavour anomalies: New Physics interpretation v caoen s
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Charm-loop contribution
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» Expvs SM [1079]
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N L P 2.70 difference
BBT - K vv)exp =23x7 NP/SM > 2
BBT = K vo)... > 10 (20 lower bound)

exp ~

» Theoretical prediction
a R

Factorlzatlon_ theoretically, simple and clean
o x Cp-(K|5y*b|B) - Dy v one of the cleanest channels in
o Wilson coef quark current  neutrino current  flavour physics y

(6, = (57,PLb)(@Y"Pyv) inthe SN 0, = GP,b)P,) X
Op = (EyﬂPRb)(Dy”PLy) possible inBSM (0, = (5P,b)(DP 1) X

simple interaction but complicated flavour O T = (Eﬁﬂyb)(ljﬁ"wy) x
operator structure highly
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Observable SM Exp Unit
B(B* — Ktvp) | 416+057 | 234575 106
B(B° — K%®w) | 3.85+0.52 < 26 106
" B(Bt — K*tvw) | 9.70 +0.94 < 61 o=
_)
S B(B® — K*vi) | 9.00 4+ 0.87 < 18 106
B(B, — ¢vi) | 9.93+0.72 < 5400 106
B(B, — vD) ~ 0 <5.9 10—*
B(BT — wtvp) | 1.40 £0.18 < 140 10~7
B(B — nvw) | 6.52+0.85 < 900 10°8
b—d B(Bt — ptvw) | 4.06 +£0.79 < 300 107
B(B° — pv) | 1.89 +0.36 < 400 10~7
B(B° — vp) ~ 0 <14 10—
¢« > d B(KT — ntvp) | 8.4240.61 | 10.67324+0.9 | 1071
B(Ky, — m°vp) | 3.41+0.45 < 300 1011
a2 )

BSM effects.
\_

B" — K™ %w can put strong constraints on related

» Expvs SM [1079]

BB+ = K*ub)gy, = 4.16 + 0.57}
BBt - KTwo).,, =23+7
BBt - KTvb)

2. 70 difference
NP/SM > 2

2> 10 (20 lower bound)

exp ~

exp

» Theoretical prediction

. Factorizati :
actoriza 'On_ theoretically, simple and clean
o x Cp-(K|5y*b|B) - Dy v one of the cleanest channels in

L Wilson coef quark current  neutrino current  flavour physics D
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simple interaction but complicated flavour

operator structure highly

_J

Ors = (50,,y5b)(0c""v) X g

L constrained by LH neutrino
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B.F.Hou, X.Q.Li, M.Shen, Y.D.Yang, XBY, 2402.19208

» Prediction
B(BtT — KTvp)
B(BY — K*0up)

» prediction
BB - K i) = (9.00 +0.87) x 107°

BBY - K WD)y ppr = (SOf}g) x 1076 ‘:> |
. conflict
BB > K %), < 18%x107°

exp

B B(B+ — K+VD)SM

= = 0.46 = 0.07
B(BO — K*OVﬂ)SM

» Only @g’) is relevant with R

» O, can explain the B* — Kvv data

jiand Oy ;

» They can’t improve the b — s fit
» 0y, and Oy, worsen the fit.
» 0y ;: and Oy,
.0,

» O, also induce O,

TT >ee, Ui

4 With 7 = j = 7 has no effect.

and Oy ;; with i # j (i.e. LFV) has no effect.

4

]

SMEFT

Hp

u

SMEFT notation: [ = <y> ,q=< ) ,d = dp
€/r d/

induce §bZ interaction,
Thus, universally affect

b—sete ,utu,t%c”

0y ; = (by"Prs)(Z 7, )
O;0.;i = br*Pes)(Z 15t
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LFU violation in NP

» LFU in SM

] —1 0 07 |% —1 0 07 [%
Cor'Z Y |er fig TRl [0 =1 0| [ux| = |er Ar 7] U : —1 UR /"R =|ex fAr TRl [0 -1 0] |Hr
_interactioneigenbasis L 0 0 —11 | ¢, [ masseigenbasis —1 L0 0 =14 L%
] hypercharge of U(l)\‘ Cr = Urly flavour universal
,eR = YﬂR = YTR = — , Up: complex 3 X 3 unitary matrix
» LFU violation in NP
YéR 0 0 €p YéR 00 CeRT €11 €12 €13 [€R]
Crr'Z)Yep o |eg fig Tp| | O Y, O |ug| =1[6r Ar TR U0 Y, O[Ugl|tr| =1 Ar Tr| |61 €2 €3] [z
0 0 Y [ |7 0 0 Y TR €31 €32 €33] LPR.
R — R

hypercharge of U(1)’
YeR # YﬂR ;é YTR

flavour non-universality is generated,
but flavour violation usually can’t be avoided.

-~

» We learn that | © — s#u/b — see #SM =

\_

b — ctv/b — cuv # SM = b — utv/b — uuv, c — stvlc — suv, ...

b — seu,b — set,b — sur ) ) A
b — duul/b — dee, s — duuls — dee, bb — uu/bb — ee, ...

/

What’s the magnitude of NP effects in these related channels? Can they satisfy the current exp bound?

Flavour structure !
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A Possible UV Picture from EFT Analysis

Energy

> 100 TeV

Few TeV

EW scale

A possible multi-scale UV completion of the SM

NP that “badly violates” flavor ey

NP with small couplings to —
the light families

Low-energy imprint of flavour non-
universality in the Yukawa couplings

r

L

-
Non-universality among

15t & 2"d generations

Y ~

k"stabilization” of the Higgs sector

( )

NP coupled mainly to the 37 generation

.

o
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Flavour Deconstruction

Energy
G1 X Gg X G3 each generation charged
@ @ @ under different copy of G
symmetry
2100 TeV l breaking
G, x Gy 1&2 generation charged
@ @ @ under the same subgroup
symmetry
2 TeV l breaking

G1+2+3 C GSM all generations charged

under the same subgroup

Renner’s talk@QEPS 2025

» Flavour non-universal interactions already at the TeV scale.
» NP flavour problem and Higgs hierarchy problem is connected.

Gauge Model of Generation Nonuniversality

Xiao-yuan Li*) and Ernest Ma

Deparvtment of Physics and Astvonomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822

(Received 13 October 1981)

An electroweak gauge model is discussed, where generations are associated with
separate gauge groups with different couplings. The observed u-e universality is the re-
sult of a mass-scale inequality, vy;<<v,, in much the same way as strong isospin is
the result of m, ,m;<<1 GeV. However, in contrast to the standard model, it is now
possible to have (1) a longer 7 lifetime, (2) an observable B°-B? mixing, and (3) many
gauge bosons W;,Z; in place of W,Z with My, > My, and Mgz ,>My.

Arkani-Hamed, Cohen, Georgi, hep-th/0104005
Craig, Green, Katz, 1103.3708

Covone, Davighi, Isidori, Pesut/2407.10950
Fuentes-Martin, Lizana/2402.09507
Davighi, Gosnay, Miller, Renner/2312.13346
Barbieri, Isidori/2312.14004
Isidori/2308.11612

Navarro, King/2305.07690

Davighi, Stefanek/2305.16280

Davighi, Isidori/2303.01520

active research field
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exp measurement more precise data needed ! NP model

7 7 68% CL tontours
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