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puzzles in flavour physics ?

® Anomaliesin b — s¢/¢

e tensions with SM predictions
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short short + long

—> charm loop and the nonperturbative contribution is trick to account
theoretical challenge !

— understanding the impact of intermediate c¢¢ contributions, both
resonant and non resonant, is of paramount importance in order
to be able to provide reliable and precise SM predictions.
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non local charm contribution to B — Kuu

® QCD parametrization

C7.7:/\ (q ) — 1672 —?—[,\(q )
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A (B — Mytl) = N,y {(C’g + C10)Fa(q”) +
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e non-local form-factors:
Ha(q?) = iP;, /(/1 (M (k)| T{TE, (x),C;0;(0)}|B(q + k))

® size of non-factorisable corrections in b — scc can be significante

\> not colour suppressed

B — DDh input for b — s£¢ Pat - Dan - Meril


mailto:pmagalhaes@cbpf.br

non local charm contribution to B — Kuu

® nhaive factorization

e charm loops are described by cc resonances given by charm
vacuum polarization hc(qz)

—> (K|C107 + C205|B)pa o< (C1 + C2/3) [ 7" (¢*)he(q?)

DD, D*D, D@
® [Lyon- Zwicky]

used BESI data —> p_ olc’e —hadons) o
olete™ = pp) ‘

o Rﬁt(s) — Rres(s) + Rcon(s)

§

as Breit-Wigner

—> non-factorizable effects are important (high-g° OPE)!

—> not enough to cover the anomaly!
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non local charm contribution to B — Kuu

Lyon-Zwicky| (see also [Brass, Hiller & Nisandzic]): a posteriori
check of the factorization approach

e Requires additional factors to match measurements
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« R ratio cannot correctly reproduce the resonances:

e.g. U(3770) is a D-wave resonance so its decay-constant
vanishes in the non-relativistic limit!
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Long distance model

e More general approach (in collaboration with D. van Dyk and S. Kiirten):

A(BK®™) — )

HY®(@®) = )

(&

(for illustration only! )

® ['ix parameters using:

A(ete™ — DD) o< » AW = DD) (BES, BaBar, Belle)
(2

> (%)
A(B = K®DD) oy A(¢p — DD) A(BK®™) — )

(G

(LHCb, BaBar, Belle)
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Long distance model

® Number of parameters:

e Naive approach (Breit-Wigners): widths and masses are
channel dependent = hundreds of parameters

e K matrix approach: impose unitarity of the .S matrix

S=142T=1+2ip"/2T p'/?

. L PN —1 [Chung, Brose, et al. 1995]
I'=K (1 — P K) |Uglov, Kalashnikova, et al. 2019]

0 .0
A ,(/,r*g‘ (/;/ N .. r -
Kij = Z 3 —'q2 - Cij i,j € {ee,eff, D¥) DX BKHN
Y ¥r
9, real-valued couplings

Ci;  non-resonant contributions

eff  effective channel to light hadrons (needed for the (25))
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Long distance model

® Strategy:

1) Fit the R ratio and ee — D™ D™ cross-section
measurements

Best Fit
BES 2002

......

------

-------

E[GeV]

2) Use it with B — K DD Dalitz plot analysis to predict
B — K™yg¢ spectrum
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B — DDh status in LHCb 9

e First B — DD results from LHCb in 2020:

Measurement of branching fraction ratios for First observation of the decay B — D°D’K*x~

Bt - D**D "K', Bt - D*D"K™, and R. Aaij et al.”
B° - D*¥ DK+ decays (LHCb Collaboration)
™ (Received 9 July 2020; accepted 27 August 2020; published 22 September 2020)

LHCD
The LHCb collaboration 4 world-best BFs | first observation

* First study of amplitude structure, also in 2020, using Bt - DYD™K*

A N

SR W70, o
Model-Independent Study of Structure in B* — D*D~K* Decays Amplitude analysis of the B* — D*D~K™ decay
R. Aaij et al.’ R. Aaij et al.”
(LHCb Collaboration) (LHCb Collaboration)
® (Received 2 September 2020; accepted 7 October 2020; published 7 December 2020) ®™ (Received 2 September 2020; accepted 8 October 2020; published 7 December 2020)

Conceived as a clean insight into charmonium spectrum

T

=T T T T

;1’2 "3 ; :Z RSN Bis surprise in the DK™ spectrum

{m = Model independent and

5 f Y dependent discovery of exotic
St Tk csiid structure

m(D*D"K*) [MeV/c?]
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B — DDh status in LHCb

* Despite the exotic reflection, clean access to the charmonium spectrum

X:(3930)
P TS
2 W (4040) (a) :
o, | w(4160) ; Needed both the expected
S L w4415y £2(3930) *and* a new 1,4(3930)
5 .............. ' ' ..... :

T TS
m(D*D"™) [GeV/c?]

* Exploration of the new D™ K™ structures is a high priority: incorporating a wide
array of B — DDA decays to confirm and probe it L

» Will gain further handles on the charmonium states, beyond D’D" and D™D,
through tricky >3-body analyses to access D" "D~ and D" *D"~

° Theoretical models for D™K™ states: tetra quark?
molecule? threshold enhancement!?

» Modelling of DYK™: several broad, overlapping states
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charm rescattering effects in anomalies

work in progress

° ' ' 4
Why we think charm rescattering can play a role? Kostas and Roman

e FS| are sources of strong phase variation that can interfere with other sources

Amplitude projection

® observed this effectin B — nnx e

400 — B+ E

D>:<+(0) ______ Tc ' 350 i_ o B- _i

D™ may Lo 300 E

+ + + E .
B — o= T o € 250F =
T 200F =

Bediaga, Frederico, Magalhaes - PLB 806 (2020) 135490 150f | =

: : : 100F =

—> explain the observed CP violation (LHCb data) = \% E
in the middle of the phase space! ot SRR 1 L SR

mZ,_high (GeV?/c*)

® Similar interaction can happenin B — K

e amplitude interferes with short-distance component —=> C§"(¢*) = Cy + Y (¢°)

—> Propose an alternative data-driven approach to calculate this exclude
charm-rescattering contribution!
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charm rescattering effects in B — Kuu

® Use the same FS| approach as used in B — naxfor b — Kuu
> form factor for W' — Dt — DOK*
DY) DY) 5 Ree — wtp”

®Br from ¢Te~ — DD BES data
with a Dispersion Relation

(Roman’s work)

A > weak transition BT — W/ DO

e The charm rescattering amplitude helicity average:

d4€ o+ ABO — A
Ag>) = —ThHr _ (g% ¢

GF * BD Dsx _
Cw = 7 b Vos Mg mp FPP(0)FP7(0)  ~ 1077 tensor integral to deal with

0= M3+ M2 — 2515+ M3 + M% —m?; angular distribution

Ap, = PD,L.—m%iJrie
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All triangles combinations

we considered in the HQ spin symmetry 4 different triangle
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contributions and weight the different contributions of BR

BR[B— D}Dg] = 7.6 x 107"
BR[B — D:Dy(2007)] = 1.7 x 1072

(PDG) - The other variations don’t make
difference - backup slide

°r—r—tT— "7 7T T T

0.1 0'0025_— mag DODO
' t— mag DO0Ds
[— mag DsDO
o 0.002k— mag DsDs
---- Mag Sum!
-0.1F o I
EET 35 50 o 0.0015}
q2(GeVA2) 3
=
S
£
< 0.001

e we could also float the overall size of

the amplitude in a fit to the data

0.0005

g2 (GeV72)
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Remarks

® Phase highlight the g* dependence effect

o0 e significant even at low g° !
60}
Caveats
*r - improve our description of the
9 relative FF and BR (?)
g o
o
! - accuracy on the relative coupling
oo DOGIDOC) s Roo— ut
! — Coherent Sum h
6o ... coherent Sum new ... - care is needed as BES input already
_ i sums over muon helicities
s 10 15 20

q’2(GeVA2)
® To include this amplitude in the full description of B — Kuu:

—> add it coherently in a isobar description together with resonant and

non resonant c¢ components to fit data

2T +1/2

- 2
B— Ky B—DD*—K pupu
. = > M M pi
dqg= d cos by 1,A2 1,A2
A1, e=—1/2
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how we do the bridge ?
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Discussion 16

DO D) — R,

® How to improve the accuracy on the relative couplings { R — ptp-

> LHCb new data

® Not possible to avoid the DK resonances in B — DDh
> not well defined theoretically

e Non-resonant charm contributions:
e not negligible in hadronic approach!

® how to model it in QCD approach!?

® How to connect our knowledge from diff regions!?

narrow resonarnces broad resonances

z-expansion and OPE approach

R(egion),

| |
| |
| |
: T/ T (25) : U (3770)..0(4415)
l R(egion); I
| |
| |

2

-q SJ/v spp = 4m7 Smax = (Mp — m;()Z q
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Backup

The charm rescattering as a new mechanism to generate CP violation
at high mass region of B — 7wz phase-space
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Backup

® Rescattering model
PDG BR

B — DY) D,;(2536)" x B(D41(2536) — D*(2007)°K ™) 22+0.7) x 107

B — D*(2007)°D,1(2536)" x B(D,1(2536) — D*(2007)°K*) (5.5 +1.6) x 10~*

B — DD, ;(2700)" x B(D,;(2700)" — DOK) (5.6 £1.8)x 10~
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Long distance model issues

® Open issues (some thought in the following slides)

1) Centrifugal barrier factors (finite size effects)
2) Non-resonant contributions C;;

3) Experimental inputs (choice of channels, fit model(s))

4) Relation to the OPE description at small g
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Backup slides

1) Centrifugal barrier factors (finite size effects) [Blatt, Weisskopf, 1952]

o Z(///(/JJBL(q qOé)BL(Q7qQ‘) LA

K. — oy
(] - mwr o q L)
Fo(g) =1
Fi(q) 2
Bli(q'qtz) = F = .._..E..
’ Fi(da) @=L\

13z°
F ——
(@) \/(z—3)2+9z

z=(q/qg)* and gy corresponds to the range of interaction.

Are these factors really needed?
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Backup slides

2) Non-resonant contributions

. Iri i ) ,
K’Lj — E 9 | 9 | Cij (Nchannel) parameters

o« These constants account for R 4. - R4

e C;; with i = 0 are enough to get a good fit of ee — cc

« Can we safely set the other to zero?
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Backup slides

3) Experimental inputs (choice of channels, fit model(s))

e The charge assignment in B — K™ DD allows to avoid K ) D
resonances

« We need access to specific waves contributions:

DD DD* D*D*
S - wave Needed contribution
P - wave Contribution that
D - wave need to be under
control
F - wave
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Backup slides

4) Relation to the OPE description at small g

 The z parametrization describes the spectrum below the DD
threshold

« The K matrix approach describes the spectrum above the DD
threshold

e A fit can vary them independently but they are connected to
the same OPE!

- How do we reconcile the two parametrizations?

— In principle they should be continuous and smooth at the
threshold
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