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@ Global fits with more than 200
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Anomalies in semileptonic B-decays

b — cTv (FCCC):
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o R(DW) = &2 (£ =e,)
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Anomalies in semileptonic B-decays

b — crv (FCCQ):

* )y
o R(DW) = &2 (£ =e,)

Tensions of ~ 10% w.r.t. tree-level SM
(significance of ~ 30)
S. Banerjee et al. (HFLAV), PRD 113, 012008 (2026)
A. Crivellin et al., PRD 112, 095016 (2025)

(without including the unpublished last result of
BaBar in the average)
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Anomalies in semileptonic B-decays

Tensions in b — svi recently emerged:

v B(B—)K Jui)
° R ~ B(B—K®yp)sM

o R,”gexp =2.940.9
o RSP <27 (90% CL)

Belle Il collab., PRD 109, 112006 (2024)
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B(B—)K )
Yo5)SM

v —
° Ry = B(B—K

RLP =20 40.9
o RSP <27 (90% CL)
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b — s7T7~ measurements (90 % CL):
0 B(Bs = 7777 ), < 5.2 % 1073

LHCb collab., Phys. Rev. Lett. 118, 251802 (2017)

e B(B— Krtr™), ., <56x107*

exp —
Belle Il collab., Phys. Rev. Lett. 137, 051805 (2026)
* 4+ — —4
o B(B = K*77),, <2.5x 10

LHCb collab., Phys. Rev. Lett. 136 181802 (2026)

0 B(Bs = ¢TT7) oy < 4.1 X 104

More difficult to measure due to missing
energy from vs
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SMEFT analysis

SMEFT link: manifest SU(2), gauge
invariance correlates the left-handed bcrv
current with b — s7t7~ and b — svi

transitions.
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up to some orders of magnitude are predicted.
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Current measurements of b — svv should be accommodated.
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SMEFT analysis

. )
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R(D(*))

b — svv
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-_

SU(2)e
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W vertex correction
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SMEFT analysis

Dimension-six SMEFT: .
6 G
Lkerr O Y 1501 =D GO;

Relevant four-fermion operators:

(9%) = [Q27, Q3] [L37*L3]
(9 = [@u0’ Q3] [L37*0" L] ,
(’)23 = [d2rVudar] [L37"L3]
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Dimension-six SMEFT: .
6 G
Lkerr O Y 1501 =D GO;

Relevant four-fermion operators:

O = (@1, Q3] [[7"13]
023 = [Qyu0’ Q3] [[37*0' Ls]
05 = [dZR’Yud3R] [L3’7”L3] ,

Q and L: quark and lepton SU(2), doublets; d:
down-quark SU(2), singlet.
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Dimension-six SMEFT: .
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o -
[Qvu0! Q3] [Lsy* o Ls]
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SMEFT analysis

SU(2). components

2 Vcs [EL/V;L bL] [7__LA//“ I/T]
(Qg) - N + [Seyuba] [Tyt
[Q27,uUI Q3] [L37NUII—3] — [BLyub][7-y* ]
+ ...
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SMEFT analysis

SU(2). components Phenomenology

v R(D™)
2Ves[Ciyub][Tiytvy] v b—sttr
o) — ||+ Bovbdifyn] S| v b st (loop)
[Qayu0! Q3] [Lav#o! Ls] = [Beyubd[@-y*vr] Tl LFUNP @Y
+ ... X Ry
enhancement too large
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SMEFT analysis

1 3
0&3) + 0£3)

o _
_ 23
(@27, Qs3] [L37*L3]
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SU(2). components

o) + of) 2Vo € [0, [Fuy v ]
1) > +(C2(;) + C2(§))[§L"/p,bL] [7_—L"/‘U'TL]
A 023 _: +(C2(?1:) - Cég))[gLW;tbL][ﬁT'\/HVT]
[Q27, Q3] [L3v"L3] L
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SMEFT analysis

SU(2). components Phenomenology

@) v R(D®)
O(l) + Og) 2V &3 [CLyubi] [Tyt vy v b srtr—
o (R + D) avubdimr nl | v b sete (loop)
- - - . U
. O = +((:23 - Cz(g RN | A HAUNE
(@27, Qs3] [L37*Ls] L v RV
but RY = RY.
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SMEFT analysis
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SMEFT analysis

SU(2). components

[§R’Yu bR][TLy 7]
Ogg = + [§R’Y;L bR] [DTA/N V‘r]

[d2R’y#d3R:| [L37#L3} dr is an SU(2). singlet

= no b — cTv term
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SMEFT analysis

SU(2). components Phenomenology

[Sr Y1 bRI[TLY"7L] v RY 4Ry
0 = + [5r bR] [P0 ] = Right-handed 5b
Gorvadar] [LayHL > .
[ 2RV 3R] [ 37 3] dr is an SU(2), singlet ?Vr:enCT 20
= no b — cTv term R -9'(107)
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SMEFT analysis

The decomposition in SU(2); components is given by
Lof = 2Ves Cz(g) (CLvubo) (T vir)
+ <C2(;) + C2(§)> (87ubL)(TLy"71)
T (C'g) - Cé?) (BLyubr)(PLvir)
+ 8 [(3r7,ubR) (717" Vi) + (3RYubR) (717" 71)] + hoc.
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SMEFT analysis

The decomposition in SU(2); components is given by
L = 2Ves O (@03,b0) (7 v17)
+ (8 + @) Gonbi) (i)
+ <C2(;) B C2(§)> (§L’y/"bL)(ﬁL7’A/#VLT)
+ 8 [(5rubR) (P Vi) + (3r7ubR) (FLy"'71)] + hc.

1 3
C2(3) = Cz(s)
ot =0

b — svi only at loop level
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SMEFT analysis

The decomposition in SU(2); components is given by
£ = 2Ves € (e17ub0) (v
+ (C2(?1’) + CZ(??)) (§L'YubL)(7_'L’y“’TL)
T <C2(;) B C2(§)> (§L'\//1,bL)(DL7—’\/NuL7)
+ G55 [(3rVubr) (719" vir) + (Sryubr)(FLy¥ 7)) + hec.

1 3
G # G
e =0

Tree-level b — svv, R = Ri«

1 3
C2(3) = Cz(s)
ot =0

b — svi only at loop level
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SMEFT analysis

The decomposition in SU(2); components is given by
£ = 2Ves € (e17ub0) (v
+ (8 + &) Grbu)(Firm)
T <C2(;) B C2(§)> (EL'\//LbL)(DLT“/“VLT)
+ C8 [(3rVubR) Ly vir) + (3rVubR)(FLy"71)] + hec.

1 3
cy) #c®
Ci +£0

1 3
G # G
e =0

Tree-level b — svv, R = Ri«

1 3
C2(3) = Cz(s)
ot =0

b — svi only at loop level Right-handed currents: Ry # Ry~
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b — svi only at loop level (W vertex
correction)

LFU NP: C; (off-shell photon penguin)
NP scale A =5TeV
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Phenomenology
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i 1 3
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2 o explanation
2100 C23 =0
R
075k ! b — svi only at loop level (W vertex
correction)
0.50f .
LFU NP: C; (off-shell photon penguin)
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Phenomenology

<
BB, —t*77) 7,

BB—Kr*tt) Soo
BB-K ttr7)

Scenario Il: 2 solutions

(1) 3)
C23 7& C23
fd
C23 —
Tree-level b — svi, Rg = Ry«

NP scale A =5TeV

CY X (5TeV)?

0.0

-2.5 -2.0
C{Y) x (5TeV)?
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Phenomenology

0.5 T
BBs—1*17) /./
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N
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ool b2 Scenario Il: 2 solutions
E —cwle S (1) (3)
T st ol 2 G5 # G3
X
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e 23
3§
.,\jf% Tree-level b — svv, R = Ry«
NN
s NP scale A = 5TeV
-0.5 0.0
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Phenomenology

Scenario IlI: 4 solutions
C(l) ?é C(3)
C35 #0
Right-handed currents: Ry # Ry~
-0 ; .
&P ‘ NP scale A =5 TeV

CLdx (5TeV)?

BB;—1"t7) |
-1.0 BB—Kr*1™) l Cg) = —1.4/(5 TeV)2
BB—K't*t7) (%) (%) —
2. Lar (R(D™))/R(D"*)sm = 1.17) |
Y =30 =13 ~1.0 =03 0.0
CH) X (5TeV)?
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Phenomenology

W
Scenario Ill: 4 solutions
% e
3 . Cig #0
%Q—o.s J Right-handed currents: Ry # Ry~
NP scale A =5TeV
10 e € = —1.4/(5 TeV)?
e (R(DM)/R(DW)s = 1.17) |
1355 =3 =3 =10 =03 0.0

CH) X (5TeV)?
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e Integrating over the full phase space from 4m? is necessary for comparisons with
LHCb/CMS.
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Conclusions
e Integrating over the full phase space from 4m? is necessary for comparisons with

LHCb/CMS.

@ The v(2S) resonance region enhances SM branching ratios by an order of magnitude.
Cutting it lead to errors in the presence of NP. Our data-driven approach is also

applicable to Bs — ¢77 7.
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LHCb/CMS.

@ The v(2S) resonance region enhances SM branching ratios by an order of magnitude.
Cutting it lead to errors in the presence of NP. Our data-driven approach is also

applicable to Bs — ¢77 7.

e SMEFT naturally links R(D™)), B — K®*ui and b — stt77: SU(2), correlations imply
that O(10 %) effects in R(D(*)) can generate orders-of-magnitude enhancements in
b — sTT77 rates.
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Conclusions

e Integrating over the full phase space from 4m? is necessary for comparisons with
LHCb/CMS.

@ The v(2S) resonance region enhances SM branching ratios by an order of magnitude.
Cutting it lead to errors in the presence of NP. Our data-driven approach is also
applicable to Bs — ¢77 7.

e SMEFT naturally links R(D™)), B — K®*ui and b — stt77: SU(2), correlations imply
that O(10 %) effects in R(D(*)) can generate orders-of-magnitude enhancements in
b — st rates.

@ Tauonic FCNC modes can resolve NP scenarios that remain degenerate in B — K(*)ui
observables.
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Conclusions

Integrating over the full phase space from 4m? is necessary for comparisons with
LHCb/CMS.

The 1(2S) resonance region enhances SM branching ratios by an order of magnitude.
Cutting it lead to errors in the presence of NP. Our data-driven approach is also
applicable to Bs — ¢77 7.

SMEFT naturally links R(D™)), B — K®)ui and b — st77: SU(2), correlations imply
that O(10 %) effects in R(D(*)) can generate orders-of-magnitude enhancements in
b — st rates.

Tauonic FCNC modes can resolve NP scenarios that remain degenerate in B — K(*)ui
observables.

b — sTt7~ decays provide a powerful and experimentally accessible probe of NP in the
third-generation flavour sector.
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Thank youl!

Questions?



Back-up slides



Phenomenology

Scenario Ill, solution 1: B vs R(D™))/R(D™))sxm
B(Bs — tt77) (blue), B(B — Ktt77)

18 _ _ _ , , (red) and B(B — K*7777) (yellow) as a
Solution 1 function of R(D™))/R(D™))snm
16f Ri# Ry 1
-------- @ Light-blue region: preferred by the
14 ] b — cTv measurements.
< 12 @ Solid lines: Ry = 2.9 (current
X 10 measured central value) and
2 Rj. = 1.1 (minimum theoretically
8 allowed value).
61 @ Dashed lines: Ry, = 1.
4.
pLxd

1100 1125 1.150 1.175 1200
R(DOYRD sy

1.050 1.075
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Phenomenology

Scenario 11, solution 2: B vs R(D™))/R(D™))su
B(Bs — tt77) (blue), B(B — Ktt77)

18 . — . . , (red) and B(B — K*7777) (yellow) as a
Sotution 2 | function of R(D™))/R(D™))snm
16} Ri#Ry- l
-------- R¢=Ry- =10 @ Light-blue region: preferred by the

b—ctw lo

b — cTv measurements.

@ Solid lines: Rj; = 2.9 (current
measured central value) and
Rj. = 1.1 (minimum theoretically
allowed value).

@ Dashed lines: Ry, = 1.

T050 1075 T1.100 1125 1150 1175 1200
RIDOYRD )sm
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Phenomenology
Scenario Ill, solution 3: B vs R(D™))/R(D™))snm

18

Solution 3 4
R;#Rg-
________ Rf(=Rlb<*

16f

b—cw lo

b—ctw 2o

B=Kr 7t~

1050 1.075 1100 1125 1150 1.175
RIDOYRD )sm

1.200

B(Bs — 7+77) (blue), B(B — K7*77)
(red) and B(B — K*7777) (yellow) as a
function of R(D™))/R(D™*))gn

@ Light-blue region: preferred by the
b — cTv measurements.

@ Solid lines: Ry = 2.9 (current
measured central value) and
Rj. = 1.1 (minimum theoretically
allowed value).

@ Dashed lines: Ry, = 1.
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Phenomenology
Scenario lll, solution 4: B vs R(D(*))/R(D(*))SM
B(Bs — tt77) (blue), B(B — Ktt77)

18 : . : : (red) and B(B — K*7777) (yellow) as a
Solution 4 / function of R(D™))/R(D™*))gn
164 Rg#Ry- 17 .
-------- =1 @ Light-blue region: preferred by the
14 bcwlo 1 b — c7v measurements.
< 12 @ Solid lines: Rj; = 2.9 (current
X 10 measured central value) and
S Rj. = 1.1 (minimum theoretically
8 allowed value).
o @ Dashed lines: Ry, = 1.
4.
2050 1075 1000 T35 1430 1173 1200 b — st 7~ searches can help to
RDO)RD)sm disentangle the four solutions, probing

NP in the neutrino mode.
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SMEFT framework

Matching relations: W vertex correction

We include a W vertex correction:
@ One-loop mixing of OF into O]7"".

@ Generates an effect in b — svp
f C(l) _ ~3)
processes even for G353’ = G55,
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SMEFT framework

Matching relations: W vertex correction

We include a W vertex correction:
@ One-loop mixing of OF into O]7"".

o Generates an effect in b — svv
processes even for C2(:3[) C3 (3.

3 1 m2 1 3
crrW = lo i+
L 4v/2GE sin? Oy Vab Vi g< A2 ) ( )
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SMEFT framework

Loop effects in b — sfT ¢~

A large Wilson coefficient CgTNP has
important loop effects relevant for
b — s/~ transitions with light leptons. N

5 Tt ot

Tau-loop off-shell photon penguin with the photon
coupling to £7£~, generating a mixing of OF into OF.

G. Balta (IFAE-UAB)
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SMEFT framework

Loop effects in b — sfT ¢~

A large Wilson coefficient CgNP has

b e Vi
important loop effects relevant for
b — s/~ transitions with light leptons. v
2
W= Liog () e s T o
9 31 M% 9

Tau-loop off-shell photon penguin with the photon

. . NP
where we identify cY = Cg = CSNP- coupling to £7£~, generating a mixing of OF into OF.

G. Balta (IFAE-UAB)

10th Symposium on Prospects in the Physics of Discrete
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SMEFT analysis

The decomposition in SU(2), components is given by
ﬁeNfF =2 (Vcscz(’g) + Vch§§)> (EL%sz)(%LVMVLT)
+ <C2(§) + C2(§)> (S7ubL)(TLy*71)

+ (C'g) - Cz@) (Sevubr) Py vir)

+ G [(3r7,bR) (TLry" i) + (3r7Vubr)(FLy"71)] + hec.
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SMEFT analysis

The decomposition in SU(2); components is given by
LY = (VcsCz(g) + Vcbcg)) (b)) (Frviy)
+ <C2(;) + C(3)> (SLyubo) (T 1)
+ (C(l) C2(3)> (5L7ub) (T vir)

+ C23 [(§R”/;LbR)(ﬁLT'Y'uVLT) + (§R'7;LbR)(7_'L'Y'uTL)] + h.c.

Matching conditions:

i o @ . 1
Co10) = Cs?(%) + (_)W <C2(3) + C( )) ) Co1o) = ‘*‘(_)W Gy,
v. V. Vi 1
T < o =) + C33)) : with N o GeVipVia.
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b— st~

NP enhancement

6 6
— =P
s — gr-ay -
: ;
o4 144
4 T
23 23
e g
2 -2
B T— 0 0 2 T 0 10 2
C’I;NP C;NP
B — Krtr~ B — K*rTr™
o CINP = NP (Uy, S1 + S3) = can explain Cy via off-shell photon penguin and R(D™*))
o (NP = +CJNP (R,) = only CJ via off-shell photon penguin
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b— svvand b — cTV
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b— svvand b — cTV

b — svv (WET):
4G

V2

Lo = Vi Ve (C7 O + Ci O ) +hec.

2
vr € = -
o = —(47T)2(5L'7ubL)(VT'Y'u(1 —5)vr),

e2
OVT = (4 )2 (SR’)’,ubR)(VT’Y (1 - '75)1/7')
v _ B(B—)K I/U) _ Vs
RK(* Bsy(B—K®vp) — 1+ 5BK(*) J
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b— svvand b — cTV

b — svv (WET):
4G

V2

Eb—)sw/ _

2

vy € - -
O[_ = W(SL’YubL)(VT’Yu(l - '75)”7) )

2
e? _
Og = W(SR’mbR)(VTV“(l —Y5)vr).
_ B(B=K®up) -
Rk = BoutBortngy = L T 0B,

Vip Vs (CL7 OV + Cr 0% ) +hec.

G. Balta (IFAE-UAB)

b — cTv (effective Lagrangian):

4GeV,
Log =— \’;ECb (1+¢;)

X (TyuPLv-)(Sy" PLb) + h.c.

The relative effect w.r.t. the SM in tauonic B
decays is given by
RODY) _ RUMW) o
R(D&M)sm  R(J/%)sm

10th Symposium on Prospects in the Physics of Discrete 7/12



b— stT™

SM predictions

Experimentally (90 % CL):
0 B(Bs = 7777 ), < 5.2 % 103
e B(B— Krtr™),, <56x107*

exp —

e B(B— K*rtr™)_ <25x107*

exp
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b— stT™

SM predictions

Experimentally (90 % CL):
0 B(Bs = 7777 ), < 5.2 % 103
o B(B— Krtr™ <56x107*
o B(B— K*r'r <25x107*

)exp

)exp

Theoretically (WET)
?{eﬁ -

vtb ZC(’)

09(10 ar [SL’V“ bL][TW(%)T]
09'(10') = 2= [5RY" BRI[TYu(75)7]
G=0,C0, G, Gy
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b— sttr™

SM predictions

Experimentally (90 % CL):
0 B(Bs = 7777), < 5.2 % 1073
o B(B— Krtr™ <56x107*
e B(B— K*rtr™

)exp

)exp

SM predictions:

4L NS S [4m-2r’qf(,max] _ +0.17 —6
B(BT — K'7777 )au =1.86Tg16 x 10

B(B = K*rtr)lmm e mad _ g 51023, 1076

<25x 1074

Theoretically (WET)
Het = th Z C O

Og(10) = E[SL'Y“ b][7 %(75)7 ]
0% 101y = 4= 1SR bRI[TYu(75)7]
C, — CgT B C{O 3 C(;/ 5 ClTo/

[14.18 qK max)

B(BT — K 717 )4 =1.54731¢ x 1077

14.18,6% «
B(B — K*rtr— ) &k maxd _ 1 361061 107

G. Balta (IFAE-UAB)

10th Symposium on Prospects in the Physics of Discrete 8/12



b— sttr™
SM predictions

b — stT7~ measurements (90 % CL):
o B(Bs = 7777),, <52x1073

exp —

e B(B— Krtr™), <5.6x107*

exp —

0 B(B— K*'1777 )y < 2.5 % 10~*
e B(Bs — ¢7r77),,, <41x107*

exp —

More difficult to measure due to missing
energy from vs
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b— st~

SM predictions

b — sTt7~ measurements (90 % CL): Theoretically (WET)
@ B(Bs = 7H77 )y, <52 x 1073 Heﬁ:_ vtb ZC(’)
B(B — Krtr )ep<56><10 4
X O 215~ b [T T
B(B, — ¢7+ ) <41x104 09'(10') = 47r[5R7 br][Tu(75)7]
s 7T T Jexp = CG=C,Clh,Co,Cly

More difficult to measure due to missing
energy from vs
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b— sttr™

SM predictions

b — sTt7~ measurements (90 % CL): Theoretically (WET)
@ B(Bs = 7H77 ), <52 x 1073 Heop = — vtb ZC(’)
o B(B — KT*77),, <5.6 x 1074
x OO0y = Z[5.v" b [T T
o B(B— K*'rt17 ), <25 %1074 o00) 45[_”” cl _7“(75) |
o B(Bs = ¢7r77),, <41x 1074 Og 10) = x [5RY" bRI[T7u(75)7]
s 20T o < Ci=Cl,Clhy, G, Cl

More difficult to measure due to missing
energy from vs

+ SN U 10.17 -6 + +otr— [14.18,0% 1max] +0.16 -7
B(BT — K7t )y omax! = 1.861917 x 10 B(B™ — K™t 17 )y =1.54+0:16 x 10
SM predictions:
m P 18,2«
B(B = K*rtr)lmm e mad _ g 51023, 1076 B(B — K*rtr— ) &k maxd _ 1 361061 107
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SMEFT analysis

SMEFT link: manifest SU(2), gauge invariance
correlates the left-handed bc7v current with
b — stT7~ and b — svi transitions.

10/12
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SMEFT analysis

SMEFT link: manifest SU(2), gauge invariance
correlates the left-handed bc7v current with
b — stT7~ and b — svi transitions.

0%)33 = [@7, Qs][L37* L3]
= [§L’y#«bl-] [7_—L’YMTL] + [§Lﬁ/ubL][177—’Y“1/7—] + ...

Og)33 = [QZ’YMUI Q3] [Z37“0' L3]
= 2Vl bul[my ve] + By bl (77
e CRE | Z2Ta7

SM NP
u u U——u
BT - b B*Y  1Q B
b ¢ b "-—YE
v T+ ~’\ v,
Vr T+
sM NP

10th Symposium on Prospects in the Physics of Discrete
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SMEFT analysis

SMEFT link: manifest SU(2), gauge invariance
correlates the left-handed bc7v current with
b — stT7~ and b — svi transitions.

O3 = [Q2v,, Qs][Ls7* L]
= [SeyubTiy ) + [Sevubd - vFv-] + ...

Og)33 = [Qyu0! Q3][Lsy# o’ L3
= 2Ves[Cryu bl [7iyve] + [5ybul [Py
e CRE | Z2Ta7

NP enhancements of b — s77~ up

G. Balta (IFAE-UAB)

SM NP
u u U———u
B+{ _ D° B*{ LQ D°
b c b o c
wt p *\Y}}
Vr T+
SM NP
u u U——>——u
BYS wr bKT B*{_ LQ kKt
~/2° T T+T_
-
SM NP

u ——
B4 LQ
bﬂt'\is
vy

u
}K+
v,

I

to some orders of magnitude are predicted.
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b— st 1™
SM predictions

Description of the spectrum:

10 %10-8 dB/dg* (Bt — K*77 )su 10 %108 dB/dg*(B® — K*7" 77 )su
Total Total
Local Local
8 Hadronic 8 Hadronic
Interference Interference
T T
s s
< <
o o
~_ 4 a 41
= =
= =
Y Y
=2 = 21
0 01
14 16 18 20 22
¢ [GeV?) ¢ [GeV?]
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b— st~

NP enhancement

Description of the spectrum:

A %1076 dB/dg* (Bt — K*rF77) for C)F = —CNP= —30 A %1076 dB/dg*(B® — K*'7t77) for CNF = —CiP= —30
Total Total
Local Local
Hadronic Hadronic
37 Interference 31 Interference
7 il
z e
o oS
NU* NO*
14 =14
~ ~
<o) r/#_\ <o)
= =
0 r 0 Lr
-1 -1
14 16 18 20 22 13 14 15 16 17 18 19
¢ [GeV?] ¢ [GeV?]
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