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What's new? 1/22

* revisit soft gluon contributions to the "charm-loop" effect
in rare B — K1l decays [Khodjamirian et al. “10]

« compute B, —» K, DS(*), ¢ form factors (FFs)

« method of B-meson Light-Cone Sum Rules
including NNL twist corrections




What's new? 1/22

revisit soft gluon contributions to the "charm-loop" effect
in rare B — K1l decays [Khodjamirian et al. “10]

compute By —» K, DS(*), ¢ form factors (FFs)

method of B-meson Light-Cone Sum Rules
including NNL twist corrections

preliminary results show a smaller soft gluon contributions
to the charm-loop comparing with the previous calculation

agreement B, — K™, D, ¢ FFs with the literature
Bs; — Dg FFs computed for the first time  [Bharrucha/Straub/Zwicky ‘15] o
[Horgan et al. "15] [McLean et al. "19] [...] g
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Anomalies in b — sl 2/22

FCNC are loop, GIM and CKM suppressed in
the SM

sensitive to new physics contributions.

tension between experiment and SM in several
observables:

» lepton flavour universality ratios REC,,
K

« angular observables B - K*uu (Pe, ...)



Anomalies in b — sll

FCNC are loop, GIM and CKM suppressed in
the SM

sensitive to new physics contributions.

tension between experiment and SM in several
observables:

» lepton flavour universality ratios REC,
K

« angular observables B - K*uu (Pe, ...)

2/22

improve theory predictions and reduce
uncertainties

problem: non-perturbative QCD effects
(soft gluons, mesons...)

observables depends on

local matrix elements (FFs)
(K™ (k)|5T# b(0)|B(q + k))

nonlocal matrix elements
(soft gluon contributions to the charm-loop)

(K®(K)[0,(0,x)|B(q + k))



b — sll effective Hamiltonian 3/22

transitions described by the effective Hamiltonian

4G
H(b - sltl) = _TZF

main contribution to B —» K™II in the SM given by local operators 05, 05, 04,
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b — sll effective Hamiltonian 3/22

transitions described by the effective Hamiltonian

4G
H(b - sIH) = ==V Vi Y GG 0y() p=m,
V2 L
main contribution to B —» K™II in the SM given by local operators 05, 05, 04,
07 = Ton2 09 = Lon2 (SLV”bL) Zl(ll’ul) O10 = 1:”2 (5,y#bL) ZI(I_VHYSI)

hadronic matrix elements computed in a previous work (B = K™ FFs) and in this one (Bg — ¢ FFs)
[ING/Kokulu/van Dyk 18]
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Charm-loop in B » K™l Y22

additional non-local contributions come from 0; and 0, combined with the e.m. current
(charm-loop contribution)

0, = (§LY“CL)(C_LYubL) 0 = (§ZV”C£)(E£Vﬂbi)




Charm-loop in B » K™l Y22

additional non-local contributions come from 0; and 0, combined with the e.m. current
(charm-loop contribution)

C * c *
J’ J’

.\ /. .

hard gluon
soft gluon - '
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Light-cone sum rules
N a nutshell



Methods to compute hadronic matrix elements 7=

QCD perturbation theory breaks down at low energies
non-perturbative techniques are needed

to compute hadronic matrix elements
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quark-hadron duality approximation

universal B-meson matrix elements

applicable for both local and nonlocal
matrix elements (at low g°)



Methods to compute hadronic matrix elements 7=

QCD perturbation theory breaks down at low energies
non-perturbative techniques are needed

to compute hadronic matrix elements

Light-cone sum rules (LCSRs) Lattice QCD

| - numerical evaluation of correlators in a
quark-hadron duality approximation finite and discrete space-time
universal B-meson matrix elements local matrix elements (usually at high g°)
applicable for both local and nonlocal nonlocal matrix elements still

matrix elements (at low g°) work in progress



Light-cone Sum Rules in a nutshell 1 6/22

LCSRs are used to determine hadronic matrix elements
from a correlation function Tl(k, q)

199 (k) = i | d*x €™ (01T 1, (6), 010, . )HB(q + )



Light-cone Sum Rules in a nutshell 1 6/22

LCSRs are used to determine hadronic matrix elements
from a correlation function Tl(k, q)

" (k,q) = i j d*x (0| T{ T2, (1), 04 (0, . )}1B(q + k)

consider e.g. B = K™ transitions

Jine = dv¥ (¥s)s

for the form factors O#(0,...) = sT* b(0)
for the charm-loop O#(0,y) = 5T b(0) I*(y)

we want to compute the matrix element

(K™ (k)|o*(0, ...)|B(q + k))




Light-cone Sum Rules in a nutshell 2 7*

two ways to compute the correlator

[k, q) = ijd4x (0| T{Jint (), 0,(0,x)}| B(q + k)

1 2
Hadronic | OPE for large
representation negative k°
for positive k* and small g




Light-cone Sum Rules in a nutshell 2 7#

two ways to compute the correlator

[k, q) = ijd4x (0| T{Jint (), 0,(0,x)}| B(q + k)

1 2
Hadronic OPE for large
representation negative k°
for positive k* and small g

the sum rule is obtained matching the result the two different
calculations of T(k, g) and using semi-global quark-hadron duality



Hadronic calculation 8/22

for positive k*

% (k, q) = i j d*x (0| T{ T2, (), 04 (0, . )}1B(q + k)

insert a complete set
of hadronic states



Hadronic calculation 8/22

for positive k*

04 (k,q) = i j d*x e (0| T{ J1 (x), 0¥ (0, ..} B(q + )

insert a complete set
of hadronic states

X J ()

N

(0| KDY (KW (1|0 (0, .)|B(g + k)
k% —mg

|

hadronic dispersion relation

+ continuum

ys




OPE calculation 9/22

for large negative k* and small g% the B-meson treated in HQET
n*v(k,q) = ij d*x e**(0|T{ J¥,. (x), 0¥(0, ..)}|B(q + k))

light-cone expansion x? =~ 0, factorize hard and soft contributions

(00) 1 _
G, g% = | d5 Y Gy (o5 OB )

+ 178 (5, (0] d ()G o by (0)|B()) + )

h,

q
W




OPE calculation 9/22

for large negative k* and small g% the B-meson treated in HQET
n*v(k,q) = ij d*x e**(0|T{ J¥,. (x), 0¥(0, ..)}|B(q + k))

light-cone expansion x? =~ 0, factorize hard and soft contributions

(00] 1 _
(k2 q2) = fo dsZ 5 (1 (5,49 (01O, OB )

+ 178 (5, (0] d ()G o by (0)|B()) + )

q
W

h,

compute I,, from a perturbative hard scattering
kernel

B-to-vacuum non-local matrix element is a
necessary non-perturbative input




Light-cone distribution amplitudes 0/es

express B-to-vacuum matrix elements in terms of B-meson light-cone distribution amplitudes (LCDASs)

2-particle contribution

a

fBB XaV

2V-X

(0]d()hy (0)|B(v)) = — L E 7y j dw €97 (@, () + X294 (@)) -~V ([, — ¢_1(w) + x*[gs — g_1(@))



Light-cone distribution amplitudes 0/es

express B-to-vacuum matrix elements in terms of B-meson light-cone distribution amplitudes (LCDAs)

2-particle contribution

(0]dGo, ([B)) = ~ L2 27, f Ao 7 (o (@) + 122G, () = = — ([ — $_)(@) +2°[g, — 9] (@)
0
3-particle contribution
(0]d(x)Gap(uy)hy, (0)|B())
X W+ Y
= fBZlB Tr {V5P+ [(vayg ~VpVe) (Pa —Py) — 100 ®y — (Vavp — VpVe) ﬁ + (Ya¥p = Yp¥a) = . 4
X, Y, w .z
~ Leapopy VY5 lEapopy Y Y (YaVp — YpVa) YoV’ CROEN (Ya¥g — YY) VoY o 2| [ )




Light-cone distribution amplitudes 0/es

express B-to-vacuum matrix elements in terms of B-meson light-cone distribution amplitudes (LCDASs)

2-particle contribution

(0]d()hy (0)|B()) = f BT j dw e’V (@ (w) + 17 g () =5 vyz ([P — @_l(w) +x*[gy — g-1(w))
3-particle contribution
(0]d () Gop (wy)hy (0)[B (1))
_f BZ‘B Tr {V5P+ ’(vay/; — VpYe) (Wa — By) — i005Wy — (VaVp — VpVa) UX—‘; + (Ya¥p — VpYa) W;yYA
X, Y, 74 Z
— i€apapy v Vs—y+ i€apopy VP Vs—y— (YaVp — YpVa) YoV’ CROM (Ya¥g = YY) Vo¥® L }(x,uy)

new models and higher twist LCDAs triggered our revisiting of the sum rules
organize LCDAs in a twist expansion (twist = dimension — spin)
higher twists are power of Apaq/mp Suppressed

[Braun/Ji/Manashov “17]




OPE result /22

(00} 1 B
G, q%) = | d5 Y oy (o5, OB )

+ 138(5,42){0]d ()G hy ()| B)) + ...)

l insert the LCDASs in the OPE

(0'e] In ’ 2
(k% q*) = fBjO ds z (S,t_(sk;l)z e (x, uy)

n,t<4



OPE result /22

(00} 1 B
G, q%) = | d5 Y oy (o5, OB )

+ 138(5,42){0]d ()G hy ()| B)) + ...)

l insert the LCDASs in the OPE

(0'e] In ’ 2
(k% q*) = fBjO ds z (S,t_(sk;l)z e (x, uy)

n,t<4

integrate by parts
to obtain a dispersive integral

00 2
(k?q°) = fBJ dsz:lg(i, Zz) e (x, uy)

0 t<a



The Sum Rule 12/22

matching of the hadronic representation onto the OPE result
X )

pu - 0 2
(O |K ) (K 00]0#(0, ..)|Bq + k) fo [ a5y E 2w )
0

5 + continuum S
k= — Mg (%) t<4

use semi-global quark-hadron duality
S = effective threshold



The Sum Rule 12/22

matching of the hadronic representation onto the OPE result
X )

e - 0 2
(0 |[K ) (K 10]04 (0, -.)|B(q + ) fo [ asy L2 w )
0

> + continuum S
k= — Mg (%) t<4

use semi-global quark-hadron duality
S = effective threshold

(KW (k)|0#(0,..)|B(@+ k)  f5 [ I.(s,q?%)
d
J @y

- s — k2

= Y. (x,u
k? —mye fre e, uy)

t<4



The Sum Rule 12/22

matching of the hadronic representation onto the OPE result
X )

o]y KOV KD (k)| 0k (0, ..)|B(q + k j 2 (s, q
( |]mt| )( 2( )| ( )l (g + )>+c0ntinuum /B — W (x, uy)
k — Mg t<4

use semi-global quark-hadron duality
S = effective threshold

KW )|o#(0,..)|B(q + k o
(KE|0"(0, -)|BG +10) _ [Fas Sk LCT DI
k —mK(*) fK(*) 0 =) —k
l apply Borel transformation
Sum Rule
f So K() S

(KW (k)|0H(0, ..)|B(q + k)) = TB()*) dse MZ ;It(s ,q4) W (x, uy)




B, - K(*), DS(*), 0
form factors



Definition of the form factors 13/22

FFs parametrize exclusive local hadronic matrix elements

(PUO)|Gryub|Blg + k) = 2k, (@) + q,(f+(@®) + f-(gP))

. 2
(P(K)|q10,,q"b|B(q + k) = T:;Tiqm)

(¢%(2k + @)y — (m§ —m?)q,)

P

FFs are functions of g* (g° is the dilepton mass squared)

3 independent B to pseudoscalar (P) FFs
/ independent B to vector (V) FFs

We consider here the final transitions B — K, D,
and B, - K*,DZ, ¢




Form factors results 14/22

same analytical results as NG/Kokulu/van Dyk “18
results for all the B - P,V FFs at the g° points

. ¢?={-15, -10, -5, 0} GeV? for B; —» D"

« g?={-15, -10, -5, 0, +5} GeV? for B; = K™, ¢



Form factors results

same analytical results as NG/Kokulu/van Dyk “18
results for all the B - P,V FFs at the g° points

. ?={-15, -10, -5, 0} GeV2 for By » D&
o ?={-15, -10, -5, 0, +5} GeV? for B, » K™, ¢

Results already available in the literature:

B, — K*, ¢ FFs computed also with light-meson LCSRs

« B, - K® D, ¢ FFs lattice QCD results available

« B, - D; only the FF A at ¢°,.., was known
the other 6 FFs are computed for the first time

[Bharrucha/Straub/Zwicky "15]

[Horgan et al. 15]
[McLean et al. "19]
[RBC/UKQCD "15]

[HPQCD "17]
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Form factors results

same analytical results as NG/Kokulu/van Dyk “18
results for all the B - P,V FFs at the g° points

. ?={-15, -10, -5, 0} GeV2 for By » D&
o ?={-15, -10, -5, 0, +5} GeV? for B, » K™, ¢

Results already available in the literature:

B, — K*, ¢ FFs computed also with light-meson LCSRs

« B, - K® D, ¢ FFs lattice QCD results available

« B, - D; only the FF A at ¢°,.., was known
the other 6 FFs are computed for the first time

14/22
B; = ¢ll FFs BSZ2015 this work
Ap(g2 =0)  0.389+0.045 0.38+0.08
A1(g*=0)  0.296+0.027 0.3140.08
Ai,(@g* =0) 0.246+0.029 0.24+0.05
V(g>=0)  0.387+0.033 0.40+0.11

[Bharrucha/Straub/Zwicky "15]

[Horgan et al. 15]

[McLean et al. "19]

[RBC/UKQCD "15]

[HPQCD "17]



Extrapolation to large g° B— ¢ FFs 15/22

B, B,—¢
oo Al
2.00 7 0.8 1

L7571 mm csronly 0.71 I LcSR only

1.501 [ LCSR + Lattice 0.6] HH LCSR + Lattice

] — BSZ2015 (not included in the fit)

| —— BSZ2015 (notincluded in the fit)
0.5

A [1]

fit our results to the BSZ2015 parametrization to extrapolate the FFs values in the whole spectrum

fits done using both only LCSRs and LCSRs + lattice QCD



Charm-loop eftect



soft-gluon contributions to the charm-loop ™+

expand correlator near the light-cone (x? ~ 0)

[ dty e (KOG |T(0,,200) Eruc @B g + )

expansion yields new, non-local matrix elements, to be computed




soft-gluon contributions to the charm-loop ™+

expand correlator near the light-cone (x? ~ 0)

[ dty e (KOG |T(0,,200) Eruc @B g + )

expansion yields new, non-local matrix elements, to be computed

« soft gluon

d
<

Cr2(K®(k)|5T# b(0)|B(q + k))g(q?) C1 (K (1)]0,,(0,%)|B(q + k))I(q)



Charm-loop sum rule

compute the soft-gluon contributions to the charm-loop using LCSRs (for g°« 4m?)

where
Jint = CI)/V()/5)S
0 (0,x) = pa,[)’(q) SLVpr(O) G (ux)

obtain the sum rule (only the 3-particle LCDAs contribute)

(k, q) = i j d*y e (0T Uine ), 0, (0, )} B()) Cx .

h,

(KD ()|0,(0,0)|B(q + k)) =

fe [
f}{(*)

K() —S
dse MZ

Z I (s, q*) Y (y, ux)

t=3,4

q

17/22

=4



Charm-loop sum rule 1/es

compute the soft-gluon contributions to the charm-loop using LCSRs (for g°« 4m?)

M(k,q) =i j d*y e (0|T{Jine (), 0,(0,x)}| B(v)) Cx Y
where | v 2
Jint = dyy (¥s)s 99;

0 (0,x) = paﬁ (@) SLVpr(O) G (ux)

=

obtain the sum rule (only the 3-particle LCDAs contribute) Ll
_ fB So K( *) 7S
(K(*)(k)|0u(0, x)|B(q + k)) = f_ dse MZ Z I.(s, q%) Y. (y, ux)
K®) t=3,4

method already applied in Khodjamirian/Mannel/Pivovarov/Wang 2010 (KMWP2010)

update the sum rule using higher twists and the full set of B-LCDAs  [Braun/Ji/Manashov “17]



3-particle distribution amplitudes 18/22

traditional set 3-particle B-meson light-cone distribution amplitudes (B-LCDA) rayamura et al. 01

(0]d(¥)Gap (ux)hy, (0)|B(v))
_ femp
4

X Y
Tr {V5P+ [(van; = pYe) (Wa = Wy) — 0%y — (Vv ygva)j + (Va¥p = p¥a) ﬁ” (v, ux)

used in the previous calculation Khodjamirian/Mannel/Pivovarov/Wang 2010 (KMWP2010)



3-particle distribution amplitudes 19/22

basis with all independent Lorentz structures, 8 independent B-LCDAS [g15,n/Ji/Manashov 17]

(0]d(¥)Gap (ux)hy, (0)|B(v))

femg Xy W+Y,
== T VsPy |(vavp = vpva) (¥a = W) — ioap Wy — (o — yﬁva)m + (Varp — Vp¥a)
— i€ TpP ﬁ+i6 TyP ﬂ—( Vg — YUy )Y,V ° i +( — )y, v° ? (y, ux)
aBapy Vs vy aBopy V' Vs vy YaVp — YgVa ) VsV (U . _')/)2 YaVp — YYa )YV (U . )/)2 Y

the LCDAs Wy, Wy, X4, Yy, ... have no definite twist (twist = dimension — spin)
higher twists are suppressed by power of Ayaq/mp

express the LCDAs in the traditional form in LCDAs with definite twist

calculation up to twist 4, twist 5 or higher give corrections of the order 1/m,*



Preliminary results and comparison 20/22

AC9(q?) KMPW2010 GvDV2019
factorizable contr. 0.27 0.27
B - Kll A2 =1) -0.09+9:0¢ (1.913%) . 107*
V.(g> =1) 0.675-% (1.2134)-1073
B - K*ll V(g% = 1) 0.675-% (2.175:7) - 1073
V3(q? = 1) 1.0%5:8 (3.0519) - 1073
B, — ¢ll - 772

2 . .
results represented as a g° dependent correction to €9 [g” is the dilepton mass square]

we fully reproduce the results given in KMWP2010



Preliminary results and comparison 20/22

AC9(q?) KMPW2010 GvDV2019
factorizable contr. 0.27 0.27
B - Kll A(g? =1) -0.09+0:06 (1.9138)-10~*
V.(g> =1) 0.675-% (1.2134)-1073
B — K*ll V,(q%? = 1) 0.670:2 (2.1%37)- 1073
V3(q? = 1) 1.0%5:8 (3.0519) - 1073
B, — ¢ll - 772

2 . .
results represented as a g° dependent correction to €9 [g” is the dilepton mass square]

we fully reproduce the results given in KMWP2010

matrix elements parametrized analogously to the form factors:

(K (10,00, 0)|B(q + k) = (k- g, — 47k, ) A(GP)+...

(K*(k, 1) 0,00, 2)[B(q + K)) = €epyn“aP k" Vy(q?) + 1 ((mf = mE- )y, — (" k) 2k + @), ) Vo(g?)
+i(n" - q) (qu ~ =L (2k + q)u) V5(q?) +...

2 2




Why such different results? 21/22

KMPW10:
23 = 22 = 0.31 + 0.15 GeV?
= twist 3 does not contribute
different inputs: B-LCDAs models depend on 2%, A% —
we use 12 = 0.03 + 0.02 GeV?
A% = 0.06 + 0.03 GeV?
= ~10 times smaller [Nishikawa/Tanaka “14]
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Why such different results? 21/22

KMPW10:
A% = 2% = 0.31 4 0.15 GeV?
= twist 3 does not contribute
different inputs: B-LCDAs models depend on 2%, A% —
we use 12 = 0.03 + 0.02 GeV?
2% = 0.06 + 0.03 GeV?

= ~10 times smaller [Nishikawa/Tanaka “14]

KMPW10: the 3-pt B-LCDAS twist
3-particle B-LCDAs heavy quark (twist) expansion —> expansion was not known
we use Braun/Ji/Manashov 17

KMPW10: 4 Lorentz structures

all 8 independent Lorentz structures
—partial cancelation (new structures
come with an opposite sign)

Lorentz structures considered in (0|d(¥)Gqp (ux)h,(0)|B(v)) —



Summary 22/22

B, — {P,V} form factors (FFs)

« first calculation of By = K™, ¢ FFs with B meson LCSRs
 first calculation of By = Dy FFs with LCSRs

+first calculation of Bs — D FFs (except for A at ¢° g,



Summary 22/22

B, — {P,V} form factors (FFs)
« first calculation of By = K™, ¢ FFs with B meson LCSRs
 first calculation of By = Dy FFs with LCSRs

+first calculation of Bs — D FFs (except for A at ¢° g,

soft gluon contributions to the charm-loop

» update the previous calculation for B —» K™l decays
and give results for B; = ¢ll for the first time

 numerical ~100 smaller comparing with KMPW2010 (inputs, Lorentz structures, twist expansion,
new B-LCDAs models)



Summary 22/22

B, — {P,V} form factors (FFs)

« first calculation of By = K™, ¢ FFs with B meson LCSRs
 first calculation of By = Dy FFs with LCSRs

+first calculation of Bs — D FFs (except for A at ¢° g,

soft gluon contributions to the charm-loop

» update the previous calculation for B —» K™l decays
and give results for B; = ¢ll for the first time

 numerical ~100 smaller comparing with KMPW2010 (inputs, Lorentz structures, twist expansion,
new B-LCDAs models)

all results will be accessible in the open source software EOS (https://github.com/eos/eos)



Thank you!



3-particle LCDAS twist basis w32

models given for LCDAs up to twist 4, twist 5 or higher give corrections of the order 1/m,?
[Braun/Ji/Manashov “17]

v, =%(c1>3 + d,) X4 =%(—<I>3 + @y — 29,)

¥, =%(—c1>3 + D) Y, =%(—<I>3 +dy — W, + Ps)
XA=%(—¢3—¢4+2%) W=%(¢4—‘P4—‘T’4+‘I’5+‘T’5+55)
Y, =%(—c1>3 — D, + ¥, — ) Z =%(—<I>3 + @y = 20, + 2P + D5+ D)

use to compute the sum rule
« all 8 independent Lorentz structures (four of them considered for the first time)
 results using LCDAs up to twist 4

 new models for the LCDAs



3-particle LCDAs models and A% g

KMPW2010
AZ _(1)1+(1)2
Yy(wg, wy) = Py (wg, wz) = 6/14 —rwse 7B
2 (1)1+(l)2
X, = 6/14 w, 2w, —wy)e 1B
/12 _witwy
YA = — (,()2(7AB — 13(1)1 + 3(1)2)8 A

242%

A% g definition

(0|d(0)G,p(0)h,(0)|B(v))

i 2
= =< fe AR Tr[ysTPyoqg] -

Braun/Ji/Manashov
/12 — /'12 _witwy
P3(wq, wy) = uwla)ge A5
3 6).4
B
A+ 2f ) _@atw;
d,(wq, w,) = w2e B
41, W3 6&% 2
AZ _wi1twy
Vy(wq, wy) = 314 wiwye B
_ AZ _wi1twy
Wy(wy, w,) = 314 wiwye B
[
< feQ = AR TrlysTPL (vavp — vpVa)]

24/22



Threshold sydetermination 2522

m() S

fK(*)e_ML;(K(*)(k)WH(O, x)|B(q + k)) = fBj

0 S
ds e uZ Z 1.(s, q%) ¥, (y, ux) (1)
0

t=3,4

derive with respect to 1/M?
and divide by (1)

S
[P dsse MEF_s,1,(s,q%) We(y, ux)

S
foso dse M*%,_3,1,(s,q*) P (y, ux)

Me =

daughter sum rule to extract sq



Alignment of the gluon with the K(*)meson

We are interested in the dominant effect of the nonvanishing gluon momenta generated
by the exponent in (3.9). Decomposing the covariant derivative in the light-cone vectors

D = (-?1.+D)% + (-n._'p)%* LD, (3.10)

we retain only the n_ component, which corresponds to the gluons emitted antiparallel to
q, that is, in the same direction as the s-quark in the B-meson rest frame. We then have

(in+D)

G (ux) ~ exp|—iu(n_a)——2]G

(in4+D)

; ] GoF (3.11)

= /dw exp|—iu(n_x)w] olw —

is represented in a compact unintegrated form, and we use the notation ¢ = ¢ — uwn_
so that §° ~ ¢ — 2uwm,. Here we take into account that w < my, after the hadronic
matrix element is taken. Note that the neglected components of D in (3.10) produce small,
O(w/my,) corrections to ¢2, hence our approximation is well justified.

[Khodjamirian et al. "10]
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>K [Kawamura et al. '01]

X4 Y,
Tr {V5P+ [(Val/ﬁ - Uﬁ)/a)(q’,q ~Wy) —io, Wy — (J’avﬁ - yﬁva)ﬂ + (Ya)/ﬁ - )’ﬁ)’a) E” (y, ux)
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[Khodjamirian et al. '06]
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