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puzzles in [3avour physics 2

e Anomaliesinp! slE

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 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 contributiontd3! K""

e QCD parametrization

C:Fi(q?) — 16m* —=H,\(q*)

my

A (B — Mytl) = N,y {(C’g + C10)Fa(q”) +

2myM p o MpB ] }
q°
S8 K ()

e hon-local form-factors:
Ha(q?) = iP;, /(/1 (M (k)| T{TE, (x),C;0;(0)}|B(q + k))

e size of non-factorisable correctionsin! sce can be signibcant

\S not colour suppressed
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non local charm contributiontd3! K""

e nhaive factorization

e charm loops are described g resonances given by charm
vacuum polarizatioh.(q°)

—> K|C 05+ C,05|B"|ma # (C1+ Co/ 3)f 2" X (0F)he(of)

DI, D* ¥, D*@
® [Lyon- Zwicky]

used BESIl da —> p_ ole’e” —hadions) W0
= olete™ — up) . hc(q )

e Rpi(S) = Rres(S) + Reon(S)

§

as Breit-Wigner

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

—> hot enough to cover the anomaly!
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non local charm contributiontd3! K""
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Long distance model :
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Long distance model 7

o I"H#$%&' () *+&+#%, %8 .
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Long distance model :
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B! DPh statusin LHCb 9

¥FirstB! DDh 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.”

BO — D*—DOK+ decays (LHCb Collaboration)
™ (Received 9 July 2020; accepted 27 August 2020; published 22 September 2020)

LHCD
ARCD)
The LHCb collaboration 4 world-best BF 1 Pbrst observatio

¥First study of amplitude structure, also in 2020, uddigd D*D K”

SIS W P
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 |n5|ght mto charmonlum spectrum

EZZ ; Big surprise in th® K* spectru

= Model independent and

f I dependent discovery of exotic
o csuf structure

m(D*D"K*) [MeV/c?]
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B! DPh statusin LHCb 10

¥Despite the exotic rel3ection, clean access to the charmonium spectrum

$(3930
#(3770 3 i LHCh -
71 Needed both the expected
3 $.,(3930 *and* a newd,,(3930
3

" T 45
m(D*D"™) [GeV/c?]

¥Exploration of the newD K™ structures is a high priority: incorporating a wi
array ofB! DUYDUh) decays to conPrm and probe it

¥Will gain further handles on the charmonium states, beyDi®® andD*D ",
through tricky >3-body analyses to accd3s'D andD *D™

PEE SIS ¥ Theoretical models foD™ K* states: tetra quark?
molecule? threshold enhancement?

¥Modelling oD°K*: several broad, overlapping states
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charm rescattering effects in anomalies

work In progress

- - f)
® \Why we think charm rescattering can play a role” Kostas and Romsz

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

Amplitude projection

e observed this effect iB! 984 e

— B+ —i
—B- ]

D OO +il

CEC RN
Bediaga, Frederico, Magalhaes - PLB!806!(2020)!135490

—> explain the observed CP violation (LHCb dat
In the middle of the phase space!

mz., high (GeVf/c?)

e Similar interaction can happenB | Kpupu

e amplitude interferes with short-distance compone—=> C§ (¢°) = Co + Y (qf)

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

® Use the same FSI approach as used in 88 for B! Kpuu
> form factor for W™ ! D¢* ! DPK”
DRIDO) 1 Reg! pt

eBr frome*e | DM BES data
with a Dispersion Relation

(RomanOs work)

A > weak transitiong+ — W+ o

e The charm rescattelring amplitude helicity average:
d¥  #+" D! ",

A(@9) = C Tom y+y (0%
‘(q ) W (2|| )4 ] DO ] [ﬂ) " DI ] a D@ u u (q )
Cw = %Vcch!smgm%s! FEP(0)FPS'(0)  # 10°® tensor integral to deal with

#=M2+ M2 255+ M2 + M2 | m2 angular distribution

Ap, = PD,L.—m%iJrie
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All triangles combinations
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e Wwe could also Roat the overall size of

the amplitude in a bt to the data °*|

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

BR[BE D.B%]=7.6x10""
BR[B! D.D;(2007)] = 1.7! 10' 2

(PDG) - The other variations donOt ma
difference - backup slide

10 15 20

g2 (GeV72)
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Remarks

e Phase highlight thg® dependence effect

o0 e signibcant even at logF !
60;
| Caveats
T - improve our description of the
0 relative FF and BR (?)
S o
o
_ - accuracy on the relative couplin
= DEIDY) 1 Ryl pty
: — Coherent Sum h _ .
U coherent Sum new ... \/ - care is needed as BES input alre:
_ v sums over muon helicities
s 10 15 20

q*2(GeVA2)
® To include this amplitude in the full descriptiontf K" ":

—> add it coherently in a isobar description together with resonant a
non resonantce components to bt data

d2F +1/2 . u 2
2 0, Z A1,A2 A1,A2
dq+ d cos by
A Ao=—1/2

2021 Patricia Magalh<es
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how we do the bridge °
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Discussion

DYDY 1 R,
® How to improve the accuracy on the relative couplmisR T
cg -

> LHCb new data

® Not possible to avoid the DK resonancesi! DPh
> not well debned theoretically

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

e how to model it in QCD approach?

e How to connect our knowledge from diff regions?

broad resonances

z-expansion and OPE approach

| |
| |

| |

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

| |

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 &! %4 phase-space
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Backup

® Rescattering model
PDG BR

B — DY) Dg1(2536)" x B(Ds1(2536) — D' (2007)°K") (2.2£0.7)# 10 *

B — D*(2007)°Dy1(2536)" x B(D1(2536) — D*(2007)°K*) (5.5% 1.6)# 10 *

B — DYD,;(2700)" x B(Dy;(2700)* — D°K) (5.6+ 1.8 # 10 *
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Long distance model issues

e 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
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B!

Backup slides

"HSY6& ()*'+,- #)+&/, 0#1234) 2 #ASH#23-++' 06#5) #*47'.10™"

o #83'#23-(9'#-00)9+*'+ #)+4 B — K*) D Dt#-..4:0#,4#-,4)7: K ) D
('04+-+2'0

o HKHA"TH-22'00#,4# 0&'2)5)2#'0#24+,()=/,)4+0>

?7? ??7@ ?2@7@

A#BH:- HE"T'T#24+,0)=1,)4+

CaB#- #F4+,():/,)é;+#,(3-,#
L +"TH#, AH=H+T7'(#

PHBH 24+,(4.

D#B#:-'
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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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