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Nonlocal Contributions

H(b— stt) = =LVl Z Cip)Oi(p)
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Long story short

1) The contribution is dominated by the charm loops due to O and O,
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Long story short

1) The contribution is dominated by the charm loops due to O and O,
2) The contribution mimics new physics by shifting Cs
— Pure data-driven approaches can’t resolve SM and NP [Ciuchini et al ‘21, ‘22]
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Long story short

1) The contribution is dominated by the charm loops due to O and O,

2) The contribution mimics new physics by shifting Cs
— Pure data-driven approaches can’t resolve SM and NP [Ciuchini et al ‘21, ‘22]

— Data favors a constant shift in Cy[Bordone, Isidori, Maechler, Tinari ‘24]
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Long story short

1) The contribution is dominated by the charm loops due to O and O,

2) The contribution mimics new physics by shifting Cs
— Pure data-driven approaches can’t resolve SM and NP [Ciuchini et al ‘21, ‘22]
— Data favors a constant shift in Cy[Bordone, Isidori, Maechler, Tinari ‘24]
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Long story short

1) The contribution is dominated by the charm loops due to O and O
2) The contribution mimics new physics by shifting Cs

3) Assuming that the analytic structure is well understood, dispersive bounds and explicit
calculation at negative g° allows to control the charm-loop below the DD threshold
[Gubernari, MR, van Dyk, Virto ‘22]
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Long story short

1) The contribution is dominated by the charm loops due to O and O,
2) The contribution mimics new physics by shifting Cs

3) Assuming that the analytic structure is well understood, dispersive bounds and explicit
calculation at negative g* allows to control the charm-loop below the DD threshold
[Gubernari, MR, van Dyk, Virto ‘22]

Can we say anything (just) above threshold?
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Analyticity properties of H,

J/¥ and
Physical region P(2S) poles
—_&X— | >
0 (Me-mu)?  (Me+mu)? g

e Poles due to the narrow charmonium resonances

T),02S)
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Analyticity properties of H,

J/¥ and _
Physical region P(2S) poles DD branch cut
0 4mp? (Mg-my)> (Mg + my)? g>

e Poles due to the narrow charmonium resonances

e Branch-cut starting at 4mp?
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GRvDV parametrization

e Nonlocal form factors are expanded using (5) \Amp — s —/4mp — so
Z\S) =

orthonormal polynomials of the arc of the unit
circle [Gubernari, MR, van Dyk, Virto ‘22]:

,/4m%—3+,/4m%—so

Ha(z) =

o The coefficients respect a simple bound [Gubernari,

van Dyk, Virto ‘20]: 4mn2
D

‘ 2

> 2 2
Z 2‘a£:K + Z {Q‘GE:K + ‘af}fﬁé ] <1
A=L,],0

n=0

e The series converges on an arc of the unit circle but
the convergence is slow and useless in practice

1
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It is worth itl - see Andread’s talk
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https://moriond.in2p3.fr/QCD/2024/TuesdayAfternoon/Hadavizadeh.pdf

The dispersive approach

e Implementing the contributions
one by one in a dispersive
approach has several drawbacks:

— Unitarity is broken close to the
resonances

— Fuzzy distinction between
resonant and non-resonant
contributions

— The model parameters need to
be extracted from other
observables and nothing
ensures that they equally apply
to the decay of interest
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“Naive" Factorization

Halkq) =i [ d'a = PY (V1) T{Qeleel (). C.OHBla + b))
e Factorization approximation [Kruger & 3 25) : —————
glehlgéa]l *96: Lyon & Zwicky ‘14; BraB, Hiller et - / % (3770) T(a160)  LICh —
> ]
@)
X5 (q?) = (CrCy 4 C2) TI(q?) Falg®) T e}
» Needs a parametrization of the R-ratio E 15}
= oo
R o(e e+ t> hadrons) o Im TI(¢?) 5
o ) % o
e Requires additional factors to fit the .
data — large non-factorizable effects? 3.6
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The R ratio
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The main |16(J"<) = 0-(1") resonances

Y(2S)  W(3770) W(4040) Y(4160) Y(4415) [BES ‘01]

e do — i t t
I . E{{.{ﬁil ﬁ
3 _ if;{fﬁ%}; i i%?}ﬁ
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Thresholds

W(2S)  W(3770) W(4040) U(4160) P(4415) [BES ‘01]
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 We have a coupled multichannel problem:
> e'e, P—>DHD™, (Y- BK™)

e Resonances are close to thresholds

e K-matrix is the tool to use [Chung et al. ‘95, PDG’s Resonances review]
Real valued couplings

M=n1l-KX] 'Kn ’4

\ N

T T
Analytic continuation Q) — Y. 9; .
of the phase space Kij(s) Z m2 — s T G
factors / r=1 \
Kinematic factor: _ f
e'e” and DD Non-resonant

l
i = (qk/90)™ F1,, (q%/q0) channels CcC resonances contributions
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Some details on the model

Im g2

e Focus on the Y(3770) region for a proof of
concept

r € {(25),¢(3770)}

e Model the non-DD decays of the y(3770) with
an effective 2-body P-wave channel

ke {ete”, D" D™ ,DD° eff,(as), effy(3770) }

e The resonance pole and residues are extracted
from the second Riemann sheet

19
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Results for the w(3770) resonance

« Fit several models (with or without non-DD T | cosvionl
effective channel), excellent p-values W9 minimal -
44 7 BESIII 2017
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LHCb's B — KMDD

o Dalitz analysis of B — KDD is
available [LHCb 20]

e Problem: we need to single wf
out the DD P-wave

contribution

60 F
40F

Candidates / (17.3 MeV/c?)
Candidates / (17.3 MeV/c2?)
N
o
RAARI LA LA L) LLER] LRI L

20F
s b )
m(D"K™) [GeV/c?]

e Studied in a second LHCb
paper [LHCb 2009.00025]

fraem 1 — w(3770) - D' D™
: Zc0(3930) DD

362(3930) —D*D”

———— y(4040) - D" D"

— — - y(4160) - D' D

40F

— Expansion of the DD helicity
angle in Legendre

30F

Candidates / (17.3 MeV/c2?)

polynomials o: w(4415) —D* D"

10f X ,(2900) — DK*

— LHCb provides moments of of . : e I ~ X4(2900) - DK*
25 3 3.5 --—---- Nonresonant

these distributions m(D*K*) [GeV/e?]
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Future hurdles

« Extending the Y(3770) fit to larger g2 will open the following issues:
— Analytic difficulties:
e Description of P-waves with different masses
e Description of F-waves channels
» Connection between the waves and the experimental helicities

— Numerical difficulties:

e Jump from 6 channels 2 resonances to 20 channels 5 resonances, i.e. from O(10) to
O(100) parameters — assume isospin symmetry? U-spin?

e Jump from 2 to 8 Riemann sheets

e Huge number of experimental data points that need to be evaluated
o This work is in progress (it is fun, you can join if you feel unoccupied)

« Yesterday on the arXiv: K-matrix description including the {(4040) [Hiisken et al ‘24]
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Conclusion & Outlook

e Nonlocal contributions to b = s€€ decays are a main source of theory
uncertainties.

» A systematic approach based on analyticity and unitarity allows for a
description of these contributions below the open-charm threshold.

 We propose a new data-driven approach, based on a K matrix description of

the e*'e" = cc and b = scc experimental observables to infer predict these
contributions in the region of broad charmonium.
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Back-up
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channel
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type
PP (P wave)
Effective
Effective
Effective
Effective
Effective
PP (P wave)
P (P wave)
P (P wave)
P (P wave)
P (P wave)
VP (P wave)
P (P wave)
VV (P wave, S=0)
VV (P wave, 5=2)
VV (F wave, S=2)

related to

6 (isospin)
8 (c.c.)
8 (isospin)
8 (c.c.)
6 (u-spin)

16
17
18
19
20
21
22
23

channel

D** D*
D** D*
D** D*
Dst Ds*
Ds**Ds

Ds*+ DS*-
Ds*+ DS*-
Ds*+ DS*-

Effective channels

type

VV (P wave, S=0)
VV (P wave, S=2)
VV (F wave, 5=2)

P wave, S=0)
P wave, S=2)
F wave, S=2)

related to

13 (isospin)
14 (isospin)
15 (isospin)
8 (u-spin)
19 (c.c.)

13 (u-spin)
14 (u-spin)
15 (u-spin)

Dilepton channel

(assumes LFU)

DDy channels

D*(s)ﬁ*(s)channels

DD* channels
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Q% parametrization

1.0

o Simple g?expansion [Jiger, Camalich ‘12;
Ciuchini et al. 15] 0
2

Ha(g?) = HEPF () + ha(0) + ﬂi—zhf\(m TR

B
/\ 0 —0.5 1
Computed in [Beneke,

Feldman, Seidel ‘01]

—1.0

0 2 4 6 8
[Ciuchini et al ‘21] ¢ [GeV?]

e The h, terms can be fitted or varied
« Fitting the h) terms on data gives a satisfactory fit but lacks predictive power

« This parametrization cannot account for the analyticity properties of H
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Anatomy of H, in the SM

Ci(mp)  Co(ps)  C3(up)  Calpw)  Cs(ms) Ce(ms)  Cr(ps) | Cslms) | Colps)  Cro(ps)

—0.2906 1.010 —0.0062 —0.0873 0.0004 0.0011 —O.3373l—0.1829|4.2734 —4.1661

e The contribution of Og is negligible [Khodjamirian, Mannel, Wang, ‘12; Dimou, Lyon,

Zwicky ‘12]
g - v
Os = 15510 T*bR) G
One of the non-factorizable /7' pr

contributions
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Anatomy of H, in the SM

Ci(pmp)  Co(pp) | C3(us)  Calpw)  Cs(ms) Ce(ms) | Cr(me)  Cs(is)  Co(ps)  Cro(ps)

—0.2906 1.010 L—0.00ﬁQ —0.0873 0.0004 0.00HJ —0.3373 —0.1829 4.2734 —4.1661

e The contribution of Og is negligible [Khodjamirian, Mannel, Wang, ‘12]
e The contributions of Os 4 5 4 are suppressed by small Wilson coefficients

O3 = (5174br) D (P7"p), Oy = (517%T"b1) Y (p7"T"p),
P P
Os = (SLyunwobn) D (DY 1"p),  Os = (B Tbr) > (DY "7 T p),
p D
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Anatomy of H, in the SM

1= (BT "qr)(quy"TbL) , 2 = (52vuaqr)(qry"'br)

e Light-quark loops are CKM suppressed — small contributions even at the
resonances [Khodjamirian, Mannel, Wang, ‘12]

Vector meson p w ) J /Y P(2S)

fv 22171 | 19573 | 22872 | 41672 | 29773
[Apoygol | 1.3%57 | 14707 | 18757 || 33.9%G7 | 44.4753
[Ap-vi-|  \12501 | 15107 | 1.8157)) 35.610 | 42.01)7

— The main contribution comes from O+ and O;¢: “charm loop”
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Analyticity properties of H,

J/¥ and _
Physical region P(2S) poles DD branch cut
0 4mp? (Mg-my)> (Mg + my)? g>

e Poles due to the narrow charmonium resonances
e Branch-cut starting at 4mp?
e Branch-cut starting at 4m,? = negligible (OZI suppressed)

30
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More involved analytic structure?

Plots from [Ciuchini et al. ‘22]

e Mg >Mp-+Mps — The function Hy(p?,g?) has a branch cut in p? and the physical
decay takes place on this branch cut: H, is complex-valued!

» Triangle diagrams are known to create anomalous branch cuts in g2 [e.g. Lucha,
Melikhov, Simula ‘06] — Does this also apply here? We have no Lagrangian nor

power counting!

e The presence and the impact of such a branch cut in our approach is under
investigation
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Theory inputs

‘H  can be calculated in two kinematics regions:

2 2
* Local OPE |g| = m, [Grinstein, Piryol ‘04; Beylich, Buchalla, Feldmann ‘11]

* Light Cone OPE qz < 4mc2 [Khodjamirian, Mannel, Pivovarov, Wang ‘10]

/ Non-perturbative soft\

C
/ LO and a, corrections \
b = C gluon corrections
[Khodjamirian,
Mannel, Pivovarov,

[Asatrian, Bieri,
Greub, Walker ‘04; Y Wang ‘10;

@ C
) " de Boer 17; B Gubernari, van
\\ ) ) s S C’Sitn‘ig,] Greub,/ \\ > Dyk, Virto ‘20]
irto
N
N

0 (Me-mum)? (Mg + my)? g?
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Dispersive bound

« Main idea: Compute the charm-loop induced, inclusive e*e™ — bs
cross-section and relate it to H ) [Gubernari, van Dyk, Virto ‘20]

(4 A c

+ other diagrames...

c b c

o The optical theorem gives a shared bound for all the b = s processes:

T 2 T 2 T . 2
1>92 / "HB_“K t | dt+ S |2 / "HB_*K (t)‘ dt + / "Hfﬁd’(t)‘ dt
(mp+mi)? /l\ A | (mptmgs)? (mB,+me)? |
known functions x HF 7 (t) + Ay = AR
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Numerical analysis

e The parametrization is fitted to [Gubernari, MR, van Dyk, Virto 22]
BéK,B%K*, Bs%(p | Thilswork I I I I I 5 _

0.000124 BB KJ/Y)
+  cGvbva2o20

using:

— 4 theory point at negative g° from the . B— K
light cone OPE % !

0.00008

— Experimental results at the J/Y

— Use an under-constrained fit and allow
for saturation of the dispersive bound

0.00006 o

|P Ho/Fo

0.00004 +

— The uncertainties are truncation order-
independent, i.e., increasing the expansion
order does not change their size e —_

0.00000 —— T T T T T T T
-7.5 —5.0 —2.5 0.0 2.5 5.0 7.5 10.0

¢* [GeV?]

0.00002 A

— All p-values are larger than 11%
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SM predictions

« Good overall agreement with previous theoretical approaches
— Small deviation in the slope of By, — ¢uu

e Larger but controlled uncertainties especially near the J/
— The approach is systematically improvable (new channels, (2S) data...)

XlOVS 1 ! 1 L N Kln_i' \ | \ N | xlﬂ'7

QCD factorization
This work

QUD factorization 44 QUD factorization

This work This work

c'\‘;‘ %] BN Experimental J/4 veto B Experimental .J /v veto 2] B Experimental .J/1 veto
<)
O 87
= x o
¥, B — K*up Bs — oup
/E 8
33
~
+,1 B — Kuu
=,
=
0 T T T T
2 4 6 8
¢* [GeV?]
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Confrontation with data

. Experimental results:
« This approach of the non-local form factors does [Bapbar: 1204.3933; Belle: 1908.01848,
not solve the “B anomalies”. 1904.02440; ATLAS: 1805.04000, CMS:

, , 1308.3409, 1507.08126, 2010.13968,
« In this approach, the greatest source of theoretical  |Hch: 1403.8044, 2012.13241,

uncertainty now comes from local form factors. 2003.04831, 1606.04731, 2107.13428]
7 x10~° ) . ) , x-m-ﬁ . . >.<1E}—*
SM prediction H === BSM hest fit 1.4 4 ',' === BSM hest fit
o === BSM best fit -:Tu_' : ——- BSM benchmark o : ——~- BSM henchmark
| 6 ~ == BSM benchmark [ = 84 SM nrediction - | 1 SM prediction
% B — K /J,,U/ B LHCb 2014 L - 22} LHCph 2016 :; 127 E B LHCb:2021A
O EH  Babar 2012 o | [ Belle 2019 o, X
5 7 T B Belle 2019 ERTE H owms 2013 = M7 '
= | | [ MS 2015 =
%“ I 1 ?:‘;: ;11 H CMS 201 ?T_":;n_g- [ BS _) ¢/’“’L
Eq’% ! - ' » = \ T ' =/
- - - - - o 1 T — } . = 0
" T o v | W = 'JT:-EL— et |
N -~ s - — —] = v [ T
HQ s %’JE‘?_‘E" —————— T — : e S == T ==t e e J_ _:Tfﬁu 0.4 1 e e
T b= === o 1 =|__I_ | — T 2 L o - " |+l- ____L_I : -I--_l
2, $|——|5|I—'frl = = B — K*upu 8 3 -
T _ T T T 0 T T T T 0.0 T T T T
2 4 6 8 2 4 6 8 2 4 6 8
¢* [GeV?] ¢*[GeV?] q* [GeV?
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Local form factors fit

e With this framework we perform a combined fit of B— K, B— K* and B; = ¢
LCSR and lattice QCD inputs:

- B—>K:

e [HPQCD '13 and '22; FNAL/MILC '17]

e ([Khodjamiriam, Rusov '17]) = large uncertainties, not used in the fit
- B—>K*:

e [Horgan, Liu, Meinel, Wingate '15]

o [Gubernari, Kokulu, van Dyk '18] (B-meson LCSRs)
- B.—o:

e [Horgan, Liu, Meinel, Wingate '15]

e [Gubernari, van Dyk, Virto '20] (B-meson LCSRs)

o Adding A, = A™) form factors is possible and desirable
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Details on the fit procedure

e The fitis performed in two steps...

—  Preliminary fits:
e Local form factors:

— BSZ parametrization (8 + 19 + 19 parameters)
— Constrained on LCSR and LQCD calcultations

e Non-local form factors:
— order 5 GRvDV parametrization (12 + 36 + 36 parameters)

— 4 points at negative q2+ B— M J/ data

— 130 nuisance parameters

—  ‘Proof of concept’ fit to the WET’s Wilson coefficients

e ...using EOS: cos.github.io
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https://eos.github.io/

BSM analysis

e A combined BSM analysis would be ” T s
very CPU expensive (130 correlated, 20 S5 > Kyt B, b ||
non-Gaussian, nuisance parameters!) - i
« Fit separately C, and C  for the three ~ 10-
channels: s
~ B Ky +B, = W o
_ B % K*u+u— —0.5
- B2 ouw
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