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RARE b — 577 DECAYS

» Since b — s£¢ decays are suppressed in the Standard Model (SM), they are extremely sensitive
to a wide range of New Physics (NP) effects.
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FORM FACTORS

» Effective description of b — sCC O i”(smT cr) @y T%,) Os =i—t(§L7uCL)(5L7“bL)
decays below the EW scale: 0, _‘:T (vbr) 3 (@ ar) 0, :i_t T 8) S @ T8
q q
Nes 4 GF Os Z(Smwwpr) %:(qlv“v”v”qR) Os =i—t(§%7wﬂpT ab");(qL”’y“v”v”T“q%)
Z = gQéD+QED | Z C @ O, =%(§La“”bR)FW Og = e—mb(sLa‘“’T“bR)Ga
Oy =(5L7ubL) (€y"£) O10 =(57ubL) (£7"75¢)

» Matrix element for exclusive modes:

GLaVV 1
AB — METE) = Is " th [(C9 Cyre + Coy Cytys)(M | S]/MPL[?‘B> — —fy”f (2im,C(M | 56,,9"Pgb | B) + Z )]
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Local form factors Light-Cone Sum Rules
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NON-LOCAL FORM FACTORS

GLaVEV 1
AB —> METET) = s "t [(C9 cyre + Coy CytysC)(M | s;/ﬂPLb\B) — —f}/“f (2im,C(M | 50,,9"Pgb | B) + Z )]

\/En q°
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Non-local form factors MB— HLO) | =—1i " 1| d e (H, | TS ), ), CO(0)}|B)
i=1,6

matrix elements of the

only O, O, give a significant contribution
four-quark operators y©p,,t o g

(SLVﬂ L)(E rib;) O, = (SLJ/,,tCL)(CL}’ by)

» The (regular for qz — () contributions of the non-local matrix elements of the four-quark operators
can be effectively taken into account by a shift in Cy:

) mj A + o
MB ~ HOle, = | 8+ 35 (H, £*£~| 0, | B)

2 M 2 P
C9 — Cél (q°) = Cgs + Aé(é] ) + Cé\l Long-Distance or New Physics?
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NON-LOCAL FORM FACTORS

» There is no doubt that the tension with the data could be well described by a shift in Cy of

0(25%) with respect to the SM value BUT this shift could come from an inaccurate description
of the non-local matrix elements.

_ The correlator in Jd“x e"qx(Hﬂ | T jﬁm(x), Z C.0.(0)} | B) receives two kinds of contributions:
i=1,6
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NON-LOCAL CONTRIBUTIONS

> Rescattering of a pair of charmed and charmed-strange mesons.

> Applying dispersive methods is tricky because the analytic structure is quite involved
(see Mutke, Hoferichter, Kubis JHEP 07 (2024) 276, Gopal, Gubernari Phys.Rev.D 111 (2025) 3).

> These amplitudes are associated with physical thresholds which are not reproduced in any of
the non-local theory estimates of the four-quark operators.
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MODEL FOR CHARM RESCATTERING

» We look at the simplest decay mode, B" - K27

> Model in terms of hadronic degrees of freedom.

from

S HHChPT

» We use data for the B vertex, heavy-hadron chiral perturbation theory f

(HHChPT) combined with QED for the remaining vertices.

» \We obtain an accurate description in the low recoll (or high qz) limit; we L
extrapolate to the whole kinematical region introducing appropriate ggg A
form factors. from

HHCHhPT +

L . . QED
» Considering the largest B decays, we classify all the possible

intermediate states that allow a parity-conserving strong interaction
with the kaon.

> We write the simplest effective interactions able to reproduce these
discontinuities.
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CHARM RESCATTERING CONTRIBUTIONS

» Considering two possible interactions at the photon vertex, these
are the possible topologies:

Monopole Dipole

B — DDS Not possible —<Lw Single lineisa D,
double line is a D*

B-D*D. |\ A A | AT o4

B — D¥D \<| <|

harder...

Work in progress
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MODEL FOR CHARM RESCATTERING

* Dynamics of D) mesons close to their mass 1

shell, determined by:

* |orentz + Gauge invariance under QED

2
+mp

* SU(Q3) light-flavor symmetry

—m%

* Heavy-quark spin symmetry

+ (Dy

(5) LD free =~ 5 (@) @D+ — 5 (@) @

®p)' D*®p + (D,®p,) D*®p,

:((I)%*)T(I)D* pt ((D%;)T(I)Dz u]

oL, &p + @f, &p. ] +he..

minimally
coupled photon:

D,® = (0, +ieQaA,)®
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MODEL FOR CHARM RESCATTERING

* Dynamics of D((;;) mesons close to their mass

shell, determined by:

* |orentz + Gauge invariance under QED

* SU(Q3) light-flavor symmetry

* Heavy-quark spin symmetry

1

1

LD free =~ 3 (@) @D s — 5(‘1’%2)T o v

+ (Dy

2
+mp

—m%

®p)' D*®p + (D,®p,) D*®p,

:((I)%*)Tq)D* pt ((D%;)T(I)D;" u]

oL, &p + @f, &p. ] +he..

minimally
coupled photon:

D,® = (0, +ieQaA,)®

* Weak B — DD transitions (using heavy-
quark spin symmetry):

Lppp = _gDD(I)B(I)TDS(I)D + h.c.

Lsp = gpp- (2. pd,Pp+®), &1,.0,85)+h.c.

2= 00 (0% 20

1.
LBD*D* — _gll* (I)B ((I)'L;);) (I)D*u —

g3+ = N71% f
i 25 (8452) ®pe + b

Extract from data up to a phase
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MODEL FOR CHARM RESCATTERING

* Dynamics of D" ’ mesons close to their mass 1 T 1 ,r
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shell, determined by:
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* |orentz + Gauge invariance under QED
coupled photon:

+mp :((I)%*)Tq)D* pt ((D%;)T(I)D;" )

* SU(3) light-flavor symmetry D,® = (8, + ieQpA,)d

, —m3 (@], &p + &), &p ] +hec..
* Heavy-quark spin symmetry

* Weak B — DD transitions (using heavy- * From HHChPT (valid close to endpoint g* & ml%):

quark spin symmetry):
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Extract from data up to a phase
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MODEL FOR CHARM RESCATTERING
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* From HHChPT (valid close to endpoint g* ~ m3):

mD*+

mD;

(.mD*—i—DS@TlILD*—i— ¢D3 B,LL¢;(O o ZmD;D'*_q)TD'f' q)/é;‘ 8;1,@}{0

DB L 05D ;cp}(()) +he.

* Dipole coupling

— ] _

mp
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> We compute the one-loop diagrams generated by the

B — DD%* transition.

> In the SU(3)-symmetric limit, the diagrams obtained by

swapping DS(*) < D) are symmetric.

MONOPOLE CONTRIBUTIONS

> To obtain a reliable estimate over the entire kinematical range, we introduce the form factors:

* Correction for QED vertex (using Vector
Meson Dominance):

2

m;
e eFy(q?),  Fy(g?) = LY
Mgy — 4

* Correction for DD*K vertex:

Gk (q%),

1 2mp [k

f  Jx

Gw(a?) = —
x() 1+ Ex(¢?)/fx  2mpfx +m% — ¢

» Sum of diagrams shows an ultraviolet divergence; we use an MS-like renormalization
scheme to discard it and use the scale dependence to estimate the uncertainty.
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(Kaon
emission
amplitude
growing as
Exlfris
only correct
in the soft-
kaon limit)
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MONOPOLE CONTRIBUTIONS
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> Monopole LD contributions do not exceed a few percent relative to the SD one: Mgp = \/; o ' Vis(DB * Jem) f+(q°)(20)9)
> The absorptive part is independent of the renormalization scheme used, and corresponds to the analytic MODEL

discontinuity of the amplitude corresponding to the kinematical regions where the internal mesons go on-shell.

> Encoding this effect in a shift in Cy averaged over the q2 range and varying p in the range [ 1,4] GeV: 5_5\94 ~259
C9
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DIPOLE CONTRIBUTIONS

> We evaluate all the topologies appearing with a dipole interaction:

B — DD,: _<L~ =0 because of the Lorentz structure

B — D*D¥ <LM —<LM — () when adding together the different diagrams
obtained by D" < D®

only non-vanishing topologies,

corresponding to 4 diagrams to evaluate
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DIPOLE FORM FACTOR

. . . . 1 -
. The dipole interaction has the following form: & > 4g;, (¢%) —<cI>;f)CI>D*WFW +h.c. >+ id)};*ﬂCDD*UFW .

mp

> We extract the dipole form factor from Belle data on e"e™ — DD* and the lattice QCD results for D¥ — Dy (that

gives access to gdip(O)).

. We assuming the following parametrization of the form factor: g .,.y(s) = ZM%
V

> We impose the following conditions: > M2nyeitv =0

V
gy*D*D(O) from D* — D}/

¢J/l// =0
> D* — Dy:

» CLEOI'(D* — Dy) = (1.33 £0.33) keV (hep-ex/9711011)
» Lattice ' (D — D.y) = 0.0549(54) keV (2401.13475)

» Lattice ' (D — Djy) = = 0.066(26) keV (HPQCD 1312.5264)

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025
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Belle Collaboration,

Phys.Rev.Lett. 98 (2007),

092001

e'Pv V= Jlhy,w(2s),w(3770)
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DIPOLE RESULTS

preliminary preliminary
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> Dipole long-distance contributions are of the order of a few percent relative to the short-distance
matrix element.

> Bigger effects in the resonance regions.
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MULTIPLICITY FACTORS

> In the monopole case, we focused on the D*D_or DD
iIntermediate states, but in principle there are other states

with ccsd valence structure.

> Consider all intermediate states the allow parity-conserving
strong interactions with the kaon:

B® Decay |[B(B° — X) x 10°

D*D, 8.0+1.1
DD:; 74+1.6
D* D, 17.7+1.4

DD4o(2317) 1.06 + 1.6

D* D1 (2457) 9.3+ 2.2
D*Ds1(2536)|  0.50 4 0.14
DD;2(2573) [(3.44+1.8) x 1077
D*D42(2573) < 0.2
DD31(2700) 0.71 £0.12

e > A (B’ = X) 1Z B(B® - X)
 JM(B° — D*D) + M(B° — DD¥) ~ 2 &\ BB — DD¥)

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025
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MULTIPLICITY FACTORS

> In the monopole case, we focused on the D*D_or DD
iIntermediate states, but in principle there are other states

with ccsd valence structure.

> Consider all intermediate states the allow parity-conserving
strong interactions with the kaon:

B° Decay |B(B° — X) x 10°
D*D, 8.0+1.1
DDy 7.41+1.6
D* Dy 17.7x1.4

DDy (2317) 1.06 = 1.6
D*Ds;1(2457) 9.3 2.2
D*Ds1(2536) 0.50 =0.14
DD;2(2573) [(3.44+1.8) x 1077
D*D42(2573) < 0.2
DD31(2700) 0.71 £0.12

e > A (B’ = X) 1Z B(B® - X)
 JM(B° — D*D) + M(B° — DD¥) ~ 2 &\ BB — DD¥)

> We estimate the multiplicity factor in the
dipole case in the following way:

» We take the largest B decays that we
haven’t included so far, and then consider
the possible intermediate states connecting
the kaon to the photon.

B—- DD, :(72+0.8)x 1073
B — D (2457)D* : (9.3 +£2.2)x 1073

» Two diagrams each: A ~ 2

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025
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MULTIPLICITY FACTORS

> In the monopole case, we focused on the D*D_or DD
iIntermediate states, but in principle there are other states

with ccsd valence structure.

> Consider all intermediate states the allow parity-conserving
strong interactions with the kaon:

B° Decay |B(B° — X) x 10°
D*D, 8.0+1.1
DDy 7.41+1.6
D* Dy 17.7x1.4

DDy (2317) 1.06 = 1.6
D*Ds;1(2457) 9.3 2.2
D*D;1(2536) 0.50 =0.14
DD;2(2573) [(3.44+1.8) x 1077
D*D42(2573) < 0.2
DD31(2700) 0.71 £0.12

- > A (B’ = X) ] y B(B® - X)
 JM(B° — D*D) + M(B° — DD¥) ~ 2 &\ BB — DD¥)

> We estimate the multiplicity factor in the
dipole case in the following way:

» We take the largest B decays that we
haven’t included so far, and then consider
the possible intermediate states connecting
the kaon to the photon.

B—- DD, :(72+0.8)x 1073
B — D (2457)D* : (9.3 +£2.2)x 1073

» Two diagrams each: A ~ 2

> We don’t know the relative sign between
the monopole and the dipole contributions,

because gdip(qz) is extracted from data up

to a phase -+ we can see what happens if
we maximize over this phase...

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025
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LONG-DISTANCE VS. SHORT-DISTANCE CONTRIBUTIONS

» Let’s sum all the long-distance contributions we estimated and compare it to the SD contribution:

> Black region: “natural size” of the

0.30 . 0.30

effect (adding constructively o= e ol (=3, g
absorp'nve parts Of monopole and ,/ \ ---- |Abs. + Disp.(u =4 GeV)| (Nmon =3, Naip =2)
: 0.25- 0.25 -
dipole). :
0.20 - 0.20 -
“qa)_m
= 0 0.1
QS
o

o
=
o

0.05 ~ 0.05 -

0.00 - 0.00 -

18 20 22 24 26 28

g’ [GeV?]

» Strong dependence on the narrow
resonances...
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LONG-DISTANCE VS. SHORT-DISTANCE CONTRIBUTIONS

» Let’s sum all the long-distance contributions we estimated and compare it to the SD contribution:

> Black region: “natural size” of the

0.30

effect (adding constructively
absorptive parts of monopole and
dipole).

0.25 A

> Grey region: same as black but
maximal multiplicity with maximal
interference (quite fine tuned).

o

N

(@)
1

16Co|/|CS"|

0.10 -

0.05 ~

0.00 -
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0.30

0.25 A

0.20 A

0.15 -

0.10 -

0.05 -

0.00 -

B Abs. only (Nmon = Ndip = 1)
70 Abs. only (Nmon =3, Ndip = 2)
---- |Abs. + Disp.(u =4 GeV)| (Nmon = 3, Ndip = 2)

18 20 22 24 26 28

g’ [GeV?]

» Strong dependence on the narrow
resonances...
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LONG-DISTANCE VS. SHORT-DISTANCE CONTRIBUTIONS

» Let’s sum all the long-distance contributions we estimated and compare it to the SD contribution:

> Black region: “natural size” of the

0.30

effect (adding constructively
absorptive parts of monopole and
dipole).

0.25 A

> Grey region: same as black but 020
maximal multiplicity with maximal
interference (quite fine tuned).

16Co|/|CS"|

» Dashed line: perfect conspiracy of

relative phases between SD,
monopole, and dipole contributions,
maximum multiplicity factors, and

maximizing the dispersive part by
setting u = 4 GeV (super fine tuned) 0.00-

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025

0.30

0.25 A
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0.15 -

0.10 -

0.05 -

0.00 -

18 20 22

g’ [GeV?]

> Strong depen
resonances...

B Abs. only (Nmon = Ndip = 1)
70 Abs. only (Nmon =3, Ndip = 2)
---- |Abs. + Disp.(u =4 GeV)| (Nmon = 3, Ndip = 2)

24 26 28

dence on the narrow
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LONG-DISTANCE VS. SHORT-DISTANCE CONTRIBUTIONS

» Let’s sum all the long-distance contributions we estimated and compare it to the SD contribution:

> Black region: "natural size” of the | |
effect (adding constructively = o (T = =1)
absorptive parts of monopole and ceee |ADS. + Disp =4 GOV (oan =3, 7y =2
dipole).

0.25 - 0.25 A

> Grey region: same as black but 0.20- 020-
maximal multiplicity with maximal
interference (quite fine tuned).

0.15 -

16Co|/|CS"|

» Dashed line: perfect conspiracy of
relative phases between SD,
monopole, and dipole contributions,
maximum multiplicity factors, and
maximizing the dispersive part by
setting u = 4 GeV (super fine tuned). 0.00-

0.10 -

0.05 -

0.00 -

18 20 22 24 26 28

g’ [GeV?]

» Hard to go above 10 % . And in that

case, there must be some visible q2
dependence.

» Strong dependence on the narrow
resonances...
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CONCLUSIONS

» Non-local contributions in b — s£¢ could significantly impact the extraction of (, from data.

» We have presented an estimate of the leading B — KY/¢ long-distance contributions induced by the
rescattering of a charmed and a charmed-strange meson for both monopole and dipole photon couplings.

> Possible improvements:

» Treatment of the electromagnetic form factor in the monopole case (we can extract it from e e™ — D™D~
data similarly to the dipole case). We only included the J/y...

» SU(3) breaking effects
> Multiplicity factors

» Should we look at the K* case?

> The high—q2 region seems quite sensitive to the narrow resonances: different qualitative behavior at low- and
high-g* -> How is it possible they add up to a flat contribution to Cy? Extracting C, experimentally in
different g° windows might be helpful.

> A high level of conspiracy seems to be required to obtain an O(25%) shift in Cy in the whole g° range.

Thank you!
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BACKUP

¢* (GeV?) Cy'
[1.1,2] 1.9703
2, 3] 3.2707
3, 4] 2.670
4,5 2.1152
5, 6] 2.470%
6, 7] 2.6703
7,8 2.3102

5
4l
3t { T _ T SM
(C)m 2_ ---------------- 1 ------- I ------- + ------- I ------- ¥ """ constant
L - 1
® best-fit
1_
O_
[1.1,2] [2,3] [3.4] [4, 5] [5, 6] [6, 7] [7, 8]
bin ¢% (GeV?)
5_
4t SM
3- ﬁ ;{ ® | ----- constant
o LLLEEELL fF------H------ L e ——— a— = |
2r L I, ® best-fit CMS
| O 1 ' ® best-fit LHCb
O_
15, 16] [16.17] [17.18] [18.19] [19,20] [20.21] [2L.22]

bin ¢% (GeV?)
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constant

Table 3.3: Determinations of Cy from B — Kputu~ in the low-¢* (left) and high-¢* (right)
regions. The p-values for the constant fits are 0.17 (low-¢*) and 0.39 (high-¢?).

2.4%0% (x%/dof = 1.35)

¢* (GeV?) | CX (LHCb) | CE (CMS)
15, 16] 1.879% 1.4799
16,17 2.1+9-7 1.979%
17,18] 2.910 3.070
18, 19! 2.7108
[18,19.24] 2.970°
19, 20 0f5"
20, 21] 1.4199
21,22 3.210%
[19.24,22.9] 2.5108
constant | 2.6 £0.4 (x*/dof = 1.06)

[M. Bordone, G.Isidori, S.
Machler, AT, 2401.18007]
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BACKUP

Using resonance parameters found by LHCDb recently (2405.17347)

i ] I | constant Cy CJ)' Cy Cy
! i .
4 T i % ] Low q2 | 2.601%18 | 24106 | 26%07 | 2.8+07
@) T ® ® ¢ 9
> z TR | %IT d-doeee | — s High ¢ | 3.93703: | 4.010% | 4.0107 | 2.970%
i — constant
I
op . . . _ +0.16 2 _
[0.1.25] 2.5.4] . 6] [6.3] Cy=3407,,, (x*/dof = 1.5)
bin ¢* (GeV?)
°l § H The shift in Cy we find from charm
5p ! o . o rescattering + NP shift of ~-1 gives a
S oo omoTEomnT S EEEEEE e better global fit than a shift of ~-1
3t o * | — sM
¢ ® — constant
2+
'L Importance of extracting the value of C, at

11,125 (15, 17] (17, 19]
bin ¢% (GeV?)

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025

different values of q2
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BACKUP

DT D*— /D* D*t D-/D |
’ \/ “/ 8 tgrMD*D oK / 219=MDD*
. = 7 W : \/ =~ 5 P
pT | pT I
RO/K- RY/K-

PzT i
K°/K~
BDD*
Dt/D D, D*}/D: D7 |
= e gpp*Dyu ; =e "“*gpp*Pu
pl Pl
B°/Bt B°/B*
Ko v
* * . % . bo P voo PloD2 * *
(D*(p1) D} (p2)|H|B°) = (—zgl*n“ — igor 2ot — gy eI ID ”)e,\m(pl)gw(m)
mp mp

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025

* [
Dy P Do
?{/
1%
D) D)

DDy

=ieQp(P1, — P2,)

:’&eQD* [pQV’T]’_LQ —_ plunya -+ (pla - pza)nﬁ“’]



BACKUP

* Correction for DD*K vertex:

11,
fx fKGK(q )
Gre(?) 1 2mp [k

- 14+ Ex(¢®)/fxk 2mpfx +m% — ¢

Useful consistency check: G has a similar scaling to
the vector form factor f, (¢*) for By, — K,

Arianna Tinari (University of Zirich) | BFA Rome, 9.11.2025
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