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Final-state interactions

e Meson—-meson final-state interactions
> form factors and Omneés problem: B® — J/ynn
> extension to higher energies: two-potential formalism
> pion—kaon: 7 decays, Primakoff production
> left-hand cuts: 7, states and T(nS) — YT (mS)nw

e Three-meson systems

> diffractive 37 production and Khuri—Treiman:
can rescattering be observed?

> modified lineshapes beyond 37: B — Dnn

> rescattering and BSM physics: CPV inn — 3«

B. Kubis, Final-state interactions — p. 2



Amplitude analyses in Dalitz plots

The traditional picture: isobar model / Breit—Wigner resonances
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Amplitude analyses in Dalitz plots

The traditional picture: isobar model / Breit—Wigner resonances
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Amplitude analyses in Dalitz plots

The traditional picture: isobar model / Breit—Wigner resonances

/i

B, D 7
K
...S0 what’s not to like?
i 60(0)
e some resonances don’t look [ e ! ]
like Breit-Wigners at all! | i | |

— use exact scattering

. . 100i { \ j
phase shifts instead : i f ]
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e 3-particle rescattering S I
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Final-state interactions: Omnes formalism

e two-particles FSI: form factor; from unitarity:

— s T s 1N s

disc M =

L N N s N

1 . |
?dusch(s) = Im Fi(s) = Fr(s)x0(s—4M?)xsind;(s)e 01(5)
1

— final-state theorem: phase of F;(s) isjust §;(s)  Watson 1954
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Final-state interactions: Omnes formalism

e two-particles FSI: form factor; from unitarity:

— s T s 1N s

disc M =

1 . |
?dISCFI(S) = IMF;(s) = Fi(s)x6(s—4M?2?)xsind;(s)e 0r(s)
(/

— final-state theorem: phase of F;(s) isjust §;(s)  Watson 1954
e solution to this homogeneous integral equation known:

S

Fr(s) = P1(s)Qu(s) , Qi(s) = eXp{_ / ) dsls'f;’(i>s)}

70 AM?2

P;(s) polynomial, ©2;(s) Omneés function Omnés 1958
Pr(s) non-universal, needs to be fixed by symmetries, data, ...

e today: high-accuracy = phase shifts available
Ananthanarayan et al. 2001, Garcia-Martin et al. 2011, Caprini et al. 2012
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Pion vector form factor vs. Omnes representation

Data on pion form factor in 7= — 7= #% Belle 2008

10°F

F7 (s)]?
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! | ! | ! | ! | ! | ! | ! | ! ]
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Scalar form factors: coupled channels
e two scalar isoscalar pion form factors:
(ntr™ ’ = (Tu + cid)’0> = B"T(s) G ‘§S‘O> = B°I'2 (s)

e strong inelastic coupling to K K near £,(980)
— requires coupled-channel treatment 77 < KK
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Scalar form factors: coupled channels

e two scalar isoscalar pion form factors:
(ntr™ ’ = (Tu + cid)’0> = B"T(s) G ‘53‘0> = B°I'2 (s)

e strong inelastic coupling to K K near £,(980)
— requires coupled-channel treatment 77 < KK

e three input functions:
> 7w S-wave phase shift §(s) Caprini, Colangelo, Leutwyler 2012

> modulus |g(s)| and phase v (s) of 7w — K K amplitude
Buttiker et al. 2004; Cohen et al. 1980, Etkin et al. 1982

e solution in terms of Omnés matrix

FW(S) _ Qll(s) 912(8) FW<O)
%FK(S) le(S) QQQ(S) %FK(O)
e also: new solution strategy to unitarise ChPT
Shi, Seng, Guo, BK, Mei3ner, Wang 2021
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Scalar form factors: coupled channels

e two scalar isoscalar pion form factors:
(rtn| 3 (au+ dd)|0) = B T (s) (nt 7 |55|0) = BT (s)
e normalisation fixed by Feynman—Hellmann theorem and ChPT:
I'"(0)=0.98, I'v(0) ={0.4...0.6}, T2 (0) = 0, '} (0) = {0.95...1.15}

0.4 0.6 0.8 1.0 1.2 1.4

Vs [GeV]
> broad bump: f,(500) / “o” > prominent peak of f,(980)
> dip near f,(980) pole Daub, Hanhart, BK 2015

cf. also Daub, Dreiner, Hanhart, BK, Mei3ner 2013
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Scalar form factors from decays: B /s J/Yr

e no scalar source in SM — test scalar form factors in decays

e experimental evidence: only 77 dynamics important

BY — J/ymta—

(9

m2() [GeV?]

lllllllllllllllllllll

m2(J/pr*) [GeV?]

mA(nn) [GeV?]

BY — J/mrta

llllIIIIIIIIIIIIIIIIIIIIIII

T T I T T T T I

T T

T T T
LHCb

lllllllllllllllllllllllllll

15 20 25

m2(J/ynt) [GeV?]
LHCb 2014

B. Kubis, Final-state interactions — p. 7



Scalar form factors from decays: B /s J/Yr

e no scalar source in SM — test scalar form factors in decays
e experimental evidence: only 77 dynamics important

e BY — J/yntr: clean 5s source — S-wave dominated

e BY — J/ynTx~: analogous dd source
—— both isoscalar S-wave and isovector P-wave contribute
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R0 +—. - - -
B_. — J /47T : extension to higher energies

o mm and KK coupled channels work up to 1.1 GeV

e beyond: strong coupling to 47 — phase/inelasticity
description??

e resonances, e.g. B(fo(1500) — 47) = (49.5 + 3.3)% PDG 2018
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R0 +—. - - -
B_. — J /47T : extension to higher energies

o mm and KK coupled channels work up to 1.1 GeV

e beyond: strong coupling to 47 — phase/inelasticity
description??

e resonances, e.g. B(fo(1500) — 47) = (49.5 + 3.3)% PDG 2018
e idea: couple to 47 via resonances, preserve unitarity Hanhart 2012
— Omnes at low energies, unitary isobar model above

e 47 in general very complicated; approximation: isobars pp or oo
Ropertz, Hanhart, BK 2018

e neglect crossed-channel effects:

v

T plo plo 7T
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2-potential formalism: partial-wave amplitude

e Bethe—Salpeter equation for partial-wave amplitude T:

2020 -1

e split scattering kernel V=V +Vr — T =To+ Ig
e unitary scattering amplitude T, (given by known phases and inelasticities)

77(;2,5 1 ge"w 0

e resonance-exchange potential Vi
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2-potential formalism: partial-wave amplitude

e full parametrisation for scattering matrix T:

T=To+Q[1l—- VY] ' VpQt

vertex factor €2(s) self energy ¥ (s)

. (=) -

Q;(s) = 1 / 1, (T0)i(2)ok(2)S24(2) Tis)= S / dz Qi(2)ok(2)Q(2)

T Z—S— € T Z Z—S— J€

Sth Sth

e additional channels: (7y);; =0 —

s [dz  oi(2)
QU(S):aU and ZU(S):(SU;/ .
Sth
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2-potential formalism: form factors

e coupling to a source/current:

G

e full parametrisation for form factor F:

F=Q[L — Vgx] "' M

® source term M

>@>@ ot

s)=aj+bjs+.. Zg, aff

—> new parameters: resonance masses (/m R)
resonance—source (*) and resonance—channel (g/*) couplings
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Applicationto B? — J /¢t

e fit to angular moments in full energy range LHCb 2014

0 : d°T 0
(Y77)(s) = A5 dcos? Y, (cos 8, )d cos 0,

e higher partial waves modelled by Breit—Wigner functions

> -
q) I
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on 102 =
CD_ —
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g —
o n
2 10 &=
k —
S |
o= B
Ny B
3
2 -
1 -
=< 0
-1 —
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Vs [GeV] Ropertz, Hanhart, BK 2018
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Applicationto B? — J /¢t

e fit to angular moments in full energy range LHCb 2014

0 : d°T 0
(Y77)(s) = A5 dcos? Y, (cos 8, )d cos 0,

e higher partial waves modelled by Breit—Wigner functions
30

- = 7‘0(980) 15(1500)
S owb } |
ap) — .
g 10 — kA
o = 11 TTLTH 3 H Ii=
= = ITH i
e 0 £(1270)
= e ‘ £1(1525)
9r3_ PR RS S S S T S T S T N S S T S S S SR
2_
1_
= 0 — -
1=
92
G 0.5 1 1.5 9

Vs [GeV] Ropertz, Hanhart, BK 2018
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Results: strange scalar pion form factor

e comparison of different fit variants:

4
35
3E
s b =
[ C [
) = =~
3 . 3
< 1.5 F )
1
0.5 -
0 = | | [ | |
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Vs [GeV]

Ropertz, Hanhart, BK 2018

o0
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Results: strange scalar pion form factor

e comparison of different fit variants:

14 |

arg (Fy)

pp

12 F

arg (Fr)

Ropertz, Hanhart, BK 2018

o0
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Results: strange scalar pion form factor

e comparison of different fit variants: Ropertz, Hanhart, BK 2018

14 |

arg (Fy)

pp oo

12 F

10 |

o [N =~ (=] oo
TT T[T T T T T T[T TT]TT

14
12

10 -

S
Y0}
5 6
4+
2 -
1 | 1 I 1 1 1 1 | 1 1 1 1 I 1 1 EI 1 I 1 0 L
0.5 1 1.5 2 2.5 .
Vs [GeV] Vs [GeV]

e also: Padé extraction of pole parameters for

f0(500), f0(980), fo(1500), fo(2020)

e new application of 2-potential formalism:

pole parameters < lineshapes
Heuser, Chanturia, Guo, Hanhart, Hoferichter, BK 2024
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7w KK scalar form factor extended to higher energies

e extension from pion—pion to pion—kaon S-wave

e 7/ : phase shifts from Roy—Steiner equations  Pelaez, Rodas 2020
+ ' K coupled via K (1430), K;(1950)
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7w KK scalar form factor extended to higher energies

e extension from pion—pion to pion—kaon S-wave

e 7/ : phase shifts from Roy—Steiner equations  Pelaez, Rodas 2020
+ 1’ K coupled via K (1430), Kz (1950) — arafy

150 arg(To)u1 =~

e phase shifts well reproduced E

i

i
7 | .
P

: |

i

i

i

H H I F
—— Peldez et al. (2016) I Aston et al.
Peldez et al. (2020)

e applicationto r - K, n'v;:
scalar ff. beneath dominant vector;
better separation of K (1430)
and K *(1410)

e improved estimate of CP-odd
asymmetry induced by tensor op.

0L — - - — T - - -
0.75 100 125 150 1.75 2.00 225 2.50
Vs [GeV]

104_§Kn iKn iKnf

103§

102

events N

10 |i

e extraction of Kj pole positions
+ residues von Detten et al. 2021 1071

1071t

0.8 1.0 1.2 1.4 1.6
v's bins [GeV]
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Primakoff reaction YK — wK

AMBER: upgrade pion to kaon beam

pion production in the Coulomb field of a

heavy nucleus
combine knowledge about
> chiralanomalyats=t=u =0

€

> radiative K*(892) couplings

amplitude representation based on
m K phase shifts Pelaez, Rodas 2020

+ phenomenological left-hand cuts
Dax, Stamen, BK 2021

link anomaly to cross sections as for
YT — T Hoferichter et al. 2012, 2017

o7 0(s) in ub

45

40 +

35 +

30 +

25 -
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15

10 +

70 /7
K~ /K°
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K

2'sub with a,
2 sub

, |

0.6

0.7 0.8 0.9 1 1.1 1.2
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Left-hand cuts: Y (nS) — Y (mS)nn

e inclusion of 7, exchanges as left-hand cuts:

|7T |7T
Oeeer o
7T// , 7T,/ [
T(ns) -7 T(ns) :
2y
T(mS) T(mS)

o formally: M (s) partial-wave projection of Z, exchanges

M (s)+M(s), M(s):gz(s){pn—l(s)+£[o dxM(x)sina(x)}

m Janz 72 |Qz)|(z = 5)

— e.g. two peaks in T(35) — Y(1.5)n7 reproduced:

251 06 +

5" 201 T

= | + + © 0.5 +

T + iy M \ S o0 |
1.0+ - i o)

Tl AT ardie b T U S o

> 0_5_- ﬁ(ﬁ éﬁ# %‘% _%%#)_#ﬁ### W g 0] .
00 3 04 05 06 07 08 09 1.0 05 0.0 0.5 1.0

Vs [GeV] cos 6

Chen, Daub, Guo, BK, Mei3ner, Zou 2015
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Left-hand cuts: Y (nS) — Y (mS)nn

e inclusion of 7, exchanges as left-hand cuts:

, T

I
I
& Q-
// //
™
/
I

™ /
1

T

T(nS) T(nS) ~

/ ‘IT('
‘T
b
T(mS) T(msS)

o formally: M (s) partial-wave projection of Z, exchanges

. — O(s n—1( ﬁ ~ dx M(w) sin ()
M(s)+M(s), M(s)=Q( ){P (s)+ LM% 72 |Q(Qj)|(aj‘—5)}

7

e generalisation for Y(45), T(10860) decays:

> add open-flavour (B™*) B(*)) loops to left-hand cuts

> generalise to 7w/ K K coupled channels for S-waves

Chen, Cleven, Daub, Guo, Hanhart, BK, Mei3ner, Zou 2016
Baru, Epelbaum, Filin, Hanhart, Mizuk, Nefediev, Ropertz 2021

B. Kubis, Final-state interactions — p. 15



Diffractive 37 production at COMPASS

e large data set on @
diffractive 7#—7~ 7t production T mt

e mg3, Mass range from 0.5 to 2.5 GeV P T
set of 88 partial waves p Pr

e question for COMPASS PWA framework: COMPASS 2015

to what extent and how are the
ntx~ partial waves modified
by the presence of the

third spectator pion?
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Diffractive 37 production at COMPASS

e large data set on
diffractive 7« 7" production 7T

e mg3, Mass range from 0.5 to 2.5 GeV
set of 88 partial waves
e question for COMPASS PWA framework:

to what extent and how are the

Pr
COMPASS 2015

0.326 < ¢’ < 1.000(GeV/c)*

. e 800
ntx~ partial waves modified
by the presence of the
third spectator pion? T
>
e p-mass dependence on ms,? 2 7507
COMPASS 2022 =
700 b

||||||||||||||

(a)

1.0 1.5 2.0 25
s, [GeV /2]
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Rescattering beyond the isobar model

e different decays into np final states
o effects of the p described by mn P-wave phase shift
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Rescattering beyond the isobar model

e different decays into np final states
o effects of the p described by mn P-wave phase shift

e full rescattering effects via Khuri—Treiman equations
Khuri, Treiman 1960

ﬂJr + + ...

— what statistics necessary to reject naive isobar model

(= undistorted p lineshape) at 50 significance?
Stamen, Isken, BK, Mikhasenko, Niehus 2023
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Rescattering beyond the isobar model

e different decays into np final states
o effects of the p described by mn P-wave phase shift

e full rescattering effects via Khuri—Treiman equations
Khuri, Treiman 1960

ﬂJr + + ...

— what statistics necessary to reject naive isobar model

(= undistorted p lineshape) at 50 significance?
Stamen, Isken, BK, Mikhasenko, Niehus 2023

e 7p decays of
JPC¢ = 07~ [exotic] 17 [w,¢] 17T [m] 2% [ag]

—— 1~ and 2+ relevant for COMPASS

B. Kubis, Final-state interactions —p. 17



Khuri-Treiman equations, example: w /¢ — 37

e decay amplitude F(s,t,u) = F(s) + F(t) + F(u)
e unitarity relation for F(s):
disc F(s) = 2i{ F(s)+ F(s) } x 0(s — 4 M?2) x sin 6] (s) e~ 1()
—— O~

right-hand cut  left-hand cut
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Khuri-Treiman equations, example: w /¢ — 37

e decay amplitude F(s,t,u) = F(s) + F(t) + F(u)
o unitarity relation for F(s):
disc F(s) = 2i{ F(s }x 0(s —4M2) x sin 0, (s) e~ %1 (s)
\,./

right-hand cut

disc[’vx/\‘/Jf\/\fv‘/g\‘/

N
N

e right-hand cut only — Omnés problem

F(s) = aQs) Q(s)_exp{SA

® s 5] (s ’)}

MQSS—S

7T —pair

e e

-’ —pair 0 —pair
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Khuri-Treiman equations, example: w /¢ — 37

e decay amplitude F(s,t,u) = F(s) + F(t) + F(u)
e unitarity relation for F(s):
disc F(s) = 2i{ F(s) + F(s) } x 0(s — 4 M2) x sin 01 (s) e 01(5)
—— =~

right-hand cut  left-hand cut

e inhomogeneities F(s): partial-wave projections of F(t), F(u)

F(s) = aQ(s){l n f/oo ds’ sinéi(S’)]}(S’)}

T Janz 8" [Q(s")|(s" = 5)

_<+_<=<+_<\<+...

B. Kubis, Final-state interactions —p. 18



Basis functions (normalised s = 0)

0 10

20 30 40 50 60
s/M?

™

arg(X(s))

0 10

20 30 40 50 60
s/M?

T

3.5

0 10 20 30

s/ M7

40 50 60

s/ M

Stamen, Isken, BK, Mikhasenko, Niehus 2023
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Basis functions (normalised s = Mpz)

0 10 20 30 40 50 60 0 10 20 30 40 50 60
s/ M s/M;

arg(X(s))

0 10 20 30 40 50 60
s/M? s/M?

Stamen, Isken, BK, Mikhasenko, Niehus 2023

e KT = truth — can Omnes functions reproduce these?
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Dalitz plots for 1™ : w, @

without phase space M = 5M,  distribution of dyk
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Stamen, Isken, BK, Mikhasenko, Niehus 2023
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Dalitz plots for 1~ :

without phase space M = 5M,  distribution of dyk
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Results for 5o significance

1075 . — 3

10° E
=

107 }

10* |

SRR
46/8

1 1 | 1 ;
10/ 12 14 16 18 20
M/M,

“second peak’”

“first peak”

e dominated by J¢; rise for M — oo (but inelastic effects)
e O(10°) — O(10°) events for all decay masses in 0——, 1=, 2++

e strong decay-mass dependence for 1~
w — 37 small, ¢ — 37 favourable BESIII 2018; KLOE 2003
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Schematic Dalitz plots

e schematic Dalitz plots for different decay masses

“first peak”
M, + M, 2M?2 + M2
/3M2 - 3M2 M2—M?

“second peak” M~

e difference decreases when p bands inside the Dalitz plot
o “first peak” at~ /2M?2 4+ M?Z ~ 1100 MeV

e “second peak” also largely kinematic effect

Stamen, Isken, BK, Mikhasenko, Niehus 2023
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Modified lineshapes beyond 37

e D distributionin B~ — Dtr— 7 ~:
> strong charge-exchange reaction
B(B~ — D% ™) > B(B~ — Dtr—7")
> Dm S-wave scattering phase from

Du, Guo, Hanhart, BK, Meil3ner 2021

UChPT (x?/dof = 1.2) Duetal. 2018
vs. BW (x?/dof = 2.0)
x10°0 . : %106 : : : x106
¢ 0.15}F ] O4r
st s
05 : iiii '] - + +}**+++% M _
£ 04 b 2 §te 2 y
z ¢ § 005} 1 2., ]
< 03p ' = )t $ + = d
< 0 4 < 000 ¢ } < o ot
T _ * e
0.1} 1 _0.05-*+ 00.“‘5556iiéii ]
* 2100 2200 2300 2400 2100 2200 2300 2400 . 2100 2200 2300 2400
Mp-+ - [MeV] Mp+ - [MeV] Mp-+ - [MeV]

e confirms lightest D§ near 2.1 GeV

e cf. modified K S-wave in D™ — K—ntxt

Niecknig, BK 2018
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BSM: Dalitz plot asymmetries inn — 7wt n~=w°

o N(I¢ =01")— 371(I¢ = 17) breaks G-parity:
> SM: C conserved, isospin broken (& el.magn. suppressed)

— ideal process to extract m, — my
see e.g. Bijnens, Ghorbani 2007; Colangelo et al. 2018 ...

> BSM: C broken, isospin either conserved or broken
M(s,t,u) = M (s,t,u) + M (s,t,u) + ME (s, 1, )

e interference: 7™ <+ 7~ asymmetries linear in BSM couplings
Gardner, Shi 2019

o follow SM strategy for hadronic amplitudes:  Akdag, Isken, BK 2021
analyse /\/152(3, t,u) using dispersive Khuri—Treiman framework
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0

n — T~ w": amplitude decomposition

e Bose symm.: even (odd) =x isospin «> even (odd) partial waves

e “reconstruction theorem”. symmetrised partial-wave expansion
ME (s5,t,u) = Fols) + (5 — u) Flt) + (s — ) Fa(u) + Flt) + Fal) — 2 Fa(s)
MG (s, t,u) = (t=u)Gis) + (u—5)Gi(t) + (s — 1) Gi (u)

M (s,t,u) = 2(u—t)Hi(s) + (u— s) Ha(t) + (5 — t) Hy(u) — Ha(t) + Ha(u)

— rescattering for S- and P-waves Gardner, Shi 2019
cf. also Bernard et al. 2024 for K — 3«

e note: C-even/odd < even/odd under t < «
e Omnes solutions (A; = Fr,Gr, Hi):

Ars) = ) (Pt + £ [ o) AI@:))

™ Janz 2" Q2 ()] (2 = )

> P, _1(s): subtraction polynomial, free parameters
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n — w7~ 7w: parameters, data

SM amplitude MY

e minimal subtraction scheme: 3 (real) constants

e “data”fitto
> KLOE Dalitz plot n — 777" KLOE 2016
> A2 Dalitz plot n — 37Y A2 2018
> chiral constraints [at O(p*)] Colangelo et al. 2018

— x?/dof ~ 1.054, works very well!

BSM amplitude MS + M7 + MY
e by same assumptions: 1 imaginary subtraction each for M&

act as overall normalisation constants — x?/dof ~ 1.048
e all C-/CP-violating signals vanish within (1 — 2)o
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n — 7wt 7w~ w": Dalitz plot asymmetries
e Dalitz plot decomposition (central fit result)

IM.|* ~ | M|+ 2Re [MT (MT)*] + 2Re [MT (ME)*]

1 : : ‘ ‘ ; ‘ ‘ 2.4 1

0.5 - /=
1.6

E1os
0.5 |

-1 —0.5 0 0.5 1

Te Te

e asymmetries constrained to the permille level
e nonvanishing interference due to FSI phases!
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n — w1t~ w0 Dalitz plot asymmetries
e Dalitz plot decomposition (central fit result)

IM.|” ~ [ME| + 2Re [ME (ME)*] + 2Re [M (MT)*]

! 2.8 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ! 24

114 0.5 12

I —14 —-0.5 - I -1.2 ~
[} (@]

‘ ! ) ! ‘ w ‘ —-2.8 -1 —24

-1 -0.5 0 0.5 1

Te Tc

e [¢ ME (ME)] x 103

e [¢ ME (ME)] x 103

e asymmetries constrained to the permille level
e nonvanishing interference due to FSI phases!

o MY and MY lead to different interference patterns
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Effective BSM couplings

Akdag, Isken, BK 2021
e polynomial ambiguities — subtractions no good observables
e define unambiguous Taylor invariants & match to these:

ME (s, tu) = igo(s—t)(u—s)(t —u) + O(p")
MG (s, t,u) = igo(t—u)+ O(p*)
e fit corresponds to
go = —2.8(4.5)GeV™®, g = —9.3(4.6) x 107 GeV 7

— sensitivity |go/g2| ~ 103 GeV™* = O(M-%)

T

— theoretical/chiral expectation: |go/g2| ~ GeV~*

e small phase space (M,, — 3M, ~ M) reduces sensitivity to /\/lg
e match couplings via ChPT to LEFT/SMEFT Akdag, BK, Wirzba 2023
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Summary

Meson—-meson final-state interactions
e great progress over the last 12 years!

e many applications jointly studied—Sino—German collaborations
ongoing!

e Ccross-relations to

> (exotic) spectroscopy: crossed channels, diagnostics. ..
> triangle singularities

e future activities: application in CP-violating B-decays

Three-meson systems

e systematic studies only begun; lots to be understood!
> more partial waves, higher subtractions. ..
> low-energy Dalitz plots (incl. BSM) well studied
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Crimes and omissions

Baryon-antibaryon interactions Dai, Haidenbauer, MeiBner 2017
o J/Yp — Vp, eTe” — pp, extension to hyperons. ..

200 90 40

e Nimegen I=0'S, 1=0'S,
60 T °
100 S ' 2
S T
«++« NLO [ [NLO = 30 o -40

- — NLO [N%LO
| —N°L0 [NLO
Y0 100 200 300 70 100 200 300 100 200
T, (MeV) T, (MeV) T, (MeV)

5.(deg)

Light transition form factors and (g — 2),,

Hoid, Holz, Schafer, Zanke. ..
Heavy-hadron transition form factors

e analyticity & unitarity constraints on B transition form factors
Kdrten, van Dyk. . .
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