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oV = |V]exp(ip)
e |V| from semi-leptonic decay rates
e ¢ from CP asymmetries

eNo new physics in V but can show up in ¢
I |

v Vi
K V'rd V‘rs j

They are fundamental parameters of the Standard Model and cannot be predicted
E. Barberio 2




New Physics?

exploit the unitarity constraint to look for

new physics — geometrical relation =

;
between CKM elements:

* angle from CP asymmetries G

" size from V

New precision era where new physics may
appear as a few percent disagreement: -0°f

Large new physics contributions to
penguins would have already been seen.

New physics contributions to decays such
as B — 1 Vv is still open (e.g. minimum

flavour violation)
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Semileptonic decays

decay properties depend
directly on |V .| and m, in

B> Xilwv perturbative regime (a.")

tree level, short distance:




Semileptonic decays

decay properties depend
directly on |V .| and m, in

B> Xilwv perturbative regime (a,")
|
w <v

tree level, short distance:

But quarks are bound by soft

[ b % q'] | gluons: non-perturbative
L - long distance interactions of b
+ long distance: quark with light quark

Two way to go:
®*  Measure exclusive states
®*  Measure inclusively b = xIn spectrum







Ve exclusive B- = D*Pev

B- — D*%v; D" — nD°

dI'(B—D Iv) _ 2 2
i =K(w)F (w)‘VCb‘
/ Y
q? k'
b C

w=TEHE. ¢
2mm,.

F(1)- |V = (35.9+0.6+1.4)-107°,
pa, = 1.16 £ 0.06 + 0.08 .

B(B~ — D*¢ w,.) = (5.56 £ 0.08 £ 0.41)% .

1.2 1.3 14 1«.’5
] Signal M Signal-like
® D** (Am-peaking) B D'ev

W D* (Am-flat)
Correlated
B Uncorrelated

® Combinatorial D*°
B cc events

Main physics background B—Dlv
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F(1)|Vl

T (1)IV,,|=(35.9:0.6)10"3 p,2 =1.23+0.05

From F(1)=0.919+0.033:

IV_,|=(39.1+0.65+1.4)10-3

e
lo A X: =1
- CLEO
2 | chi2/dof = 37.8/17
>
X 40
= DELPHI el
[ (excl.
DELPHI
(part. reco.)
AVERAGE
351
ALEPH
HFAG
¥ /dof = 37.8/17
30 1 [ 1 I J |
0 0.5 1 1.5 2
2
p

HFAG average uses R,, R, from BaBar

this decrease F(1)|V |
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error is dominated by the lattice
calculation, no improvement in the near
future

B =D v has a small theoretical error
but it's more difficult experimentally
and very few measurement




Hadronic X, system

BY BR(%) B* BR(%)

inc.-2 excl.

2.22+0.38 1.27+0.37 -
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B—-D/v
B—=D*/v
B — D**/v
B—-Dmxn/

o ~25%

Os—=3 4 5 78 _9 10
Myx (GeV ?)
D D2*

1 3
i lq= 7 lg=7
2.6
= L.l _
§’:L4 L.=1
= 22
2.0
L=0
1.8
¥ oo 1 o* 1 1 2
Grounds states Broad states Narrow states

Heavy Quark Symmetry predicts
Br(B — Narrow | ) >> Br(B — Broad | )

Experiment seems to point towards the
opposite I
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Events/50 MeV/c*
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Hadronic X, system

Events/50 MeV/c®
v
=

2 22525275 3 32535375

BY - DOr—y¢ty

S5
s 20
£is
&
10

fractions

M’ )
BY — D*0x—y¢ty

4 42545

GeVl/e™

Belle measure comparable branchings

B(mode) = B(B — D**(v) x B(D** — D™"x™)
D invariant mass study

Theory predicts the rate of broad D
~ 10 times smaller than narrow D*2

)

)

i Mode [ Yield | B, % | Signif.
£ ( BT = D%y [ 102419 [ 0.24+0.04+0.06 [ 5.4
S s h Bt — D3% v || 94413 | 0.224+0.034+0.04 | 8.0
o o GO — Dy 0Ty || 61+£22 | 020+£0.074+0.05 | 2.6
sl B° —» Di ¢ty || 68413 | 0.2240.044+0.04 | 55
d | D*r invariant mass study
“J I Mode | Yield | B, % | Signif.
oz“;.z‘; 25275 3 325 13 ;‘75 4 42545 BY — l?lloeer -5+ 11 < 0.07 @ 90% C.L.
M) BY — D¢ty 81+£13 | 0.42+0.0740.07 6.7
BT = D%y || 35+11 | 0.18+0.06 + 0.03 3.2
B =D ¢ty | 448 | <0.5@ 90%C.L.
B - D¢ty 20+7 | 0.54+0.19+0.09 2.9
B° — D (ty 1+6 < 0.3 @ 90% C.L.
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V_, from inclusive semileptonic decays

2 s )
L(b— crv)= V| = o2 ELY)

cb| = ’Cb \

I, described by Heavy Quark Expansion in (1/m,)" and a X

exp. AV |<1%

2
(B — X Iv)= -ZEM™ |y
192x°

cb

[[1 + Aew ]Anonper"r pert]

hon perturbative parameters need to be measyred and arise at each order

0 \n dI'
[ox-x")r 2 dx

[ dx
dX

X" sensitivity to non-perturbative parameters evaluated on part of the
spectrum (pp,,i,) in the B rest frame

< X” > Ecut) = = fO,PE(mb’mc’ai)

expansions depend on m, definition
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Heavy quark parameter determination- Big Picture

Inclusive E, spectrum

Semileptonic B
decay

Experimental
Challenge: go from
the measured shape
to the true shape

1) — T T
= 600 p . !
S T ] 0 N te
g . Belle gou ey ] Belle ., "B data | ra
= 0 mB-Xev |, I ]
e Secondaries :
g 40 Combinatorial | |
@ 3!!)‘ . .. Continuum | =
£ ! F L
I !m; BELLE h
W 200, : S Clpe
Bz CA e e : \
8240608 1 12141618 2 2224 040608 1 12141618 2 2224
P8 (GeV/c) p.® (GeV/c)

Inclusive M, spectrum

dr'/ dm,

/

25 23
M, [GeV/c”]
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moments in semileptonic decays

fully-reconstructed B meson B flavor and momentum known.

rest of the event contains one "recoil” lepton in the recoil-B _ r
] “':
€ T 1"? N Brem
LR D

r 4.7 C
212 F : [

F BABAR — 406F BABAR | — 10 BABAR
a0 21F preliminary =~ 45E preliminary — - preliminary
§ 2 08 F- -~ -~ ’ i 8 95 =~ - =<

Os F > [ -

] L ) [

©2.06 F <) 9k XH e

Sooaf {,{)% Ao 5

V2.02F % §85F {’%%

2 :-I 1 1 1 3 9 :I 1 1 1 8 -I 1 1 1
0 0.5 I 15 2 70 0.5 I .15 2 0 0.5 115 2

pl,min [GCV/C] pl,min [GCV/C] pl,min [GCV/C]

— 25 1.6 o Lop

2 af BaBAR 1.55 F BaBar | S 14} BaBAR

> [~ - - - _ preliminary 3 preliminary [ - preliminary

> s — 15¢ &) =

O 15F - S 12}

AL EA:

A, : ~ 2 0.8F

NE>< 05F éé v

VooF é% o 0.6

NEX ' L L 1 F) 1 1 L \\7/ 0.4 1 L L L

05005 1 15 2 Mo o5 1 152 0 05 1 15 2
P, [GeVic] P, IGeVic] p. [Gevic]

<mx"> new

<mx" old

Fit moments of these distribution to get V_ and HQ parameters
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Heavy quark parameters
E, :lepton energy spectrum in B—X_| v (BaBar Belle CLEO DELPHTI)

M, 2: hadronic mass spectrum in B—X_| v (BaBar CDF CLEO DELPHT)
E, :photonenergy spectrum in B— X,y  (Babar Belle CLEO)

Decay rate in terms of Operator Product Expansion up to 1/m,3

Expansions in terms of:
Two approaches:

mk", mk". m'S,) - mass of b and ¢ quarks
Kinetic running mass

(P. Gambino and N.Uraltsev, Eur.

2 A _ o o
Phys. J. C 34, 181 (2004)) L .5(A1) - kinetic energy of b quark,

Aqep?/m,2
2 . °
(A 2) - chromomagnetic couplin
1S mass 6 (% 2) J Prng
(C.Bauer, Z.Ligeti, M.Luke, 3 3
A.Manohar, M.Trott PRD 70 Aqeo™/m, Op, PLs (01, T1-3)
094017)

...and |V |? dependence on partial branching fractions

E. Barberio




Fit
Strategy

Experimental data

extract

|Veb| and HQ |Veb| and HQ

convert

HQ parameters

(SF scheme)

Without truncation of perturbation theory, any path to a given
scheme would lead to the same result, e.g.:

[Fit in kinetic scheme] = [Fit in 1S scheme] @ [Translation: 1S — kinetic]
In practice, results differ at finite order in os.

15




Vo and HQ parameters

X107
_Q I 1 I T I [ I I I 1 I T ] 1 I ] 1 I
3 97— i
> contours Ax*=
S : HFAG .
Global fit with all available 42 -
results (except the latest 1
BaBar moments) |
41.5 =
1S Veb (1073 Mb (GeV) 15 :
4178+0.30+0. 08 4.70+0.03 |
1 B— X, v -
no b—sy | 41.56+0.39:0.08 4.751:0.058 g41- & B> Xclv+B— Xy .
| | l 1 I 1 1 1 ! I 1 1 ! 1 I 1 1 1
— 4.65 4.7 475 4.8
Kinetic Veb (107 Mb (GeV
e oeh m]S (GeV)
41.91:0.19:0.28:0.5 | 4.613:0.022+0.027
+ ‘+ + - + IvcbleXCI=(39'lio‘7i1 .4)10-3
nob—sy | 41.68+0.39:0.58 4.677+0.053
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V. determination

inclusive

|

- o’
Uncertainty dominated by theory errors, measurements with different
methods

= Inclusive B = X 8v
- Use difference in kinematics to separate u?v from cfv
* Theory must predict signal spectrum

= Exclusive B = v, pv, wiy, ...

- Better S/B, esp.
* Theory must predict form factor

E. Barberio 18




V., inclusive determination

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

B— X v tree level rate same as B— X v o8 | ~

very small, very difficult to measure

the problem is the b— clv decay

2

F(b — uév_) Vub 1 Yoo 1.0 20 30
~ ~ Electron Momentum (GeV/c)

L(b—ctv) |r,[ 50

selection to remove background removes a sizeble part of the
phase space. Need theoretical extrapolation for the full phase
space (Shape Function, DGE, Aglietti et at,....).

E. Barberio 19




V., inclusive determination

" Cut away b — clv Lose a part of the b — ulv signal

@\ Cut-dependent

constant
predicted

Vo

" We measure [(B—=Xtv)xfc=

s

® Must be corrected for QCD

2 5
mb |:1_O (&)—M+] B.ﬁ%gé o ‘.-: %

2

G:|V
['(B— X (V)= F19;;3

2
T 2m;

= Main uncertainty (£5%) from m,> — +2.5% on |V |, correlated

between all measurements/experiments! 20




B meson - "Beam”

Fully reconstruct the tag-side B meson by searching the decay

modes
> - -
+ ) tag - charge - momentum Big—XI
B* and B® decays
studied separatel
P Y BTagﬁDx
Tagging: low purity,
* untagged high statistics
* semileptonic tag
* hadronic tag high purity,
low statistics
Elepton: in rest frame of signal B Stéppress b->clv evem'szlow
M,: all remaining particles (X),  E./q? acceptance
' mxr mx/qzl p+ hlgh

acceptance




m, << m.— difference in kinematics

u-quark turns into

one or more

Inclusive b — ulv

/ E, = lepton energy

....... >V q? = lepton-neutrino mass squared

my = hadron system mass

: P* = Ey - IPyl

Signal events have smaller My and P, — Larger E, and q°

Not to scale!

0.1

1075

.05

1025

3
Epgp (GeV)

LRI
004
b—c
002 b%u
LL'R,_‘_L C —u

o o |
e s w15 2 0 1 2 3 0 05 1 1.5 2

q’ (GeV?) my, (GeV) P* (GeV)

E. Barberio 22




Relative branching fractions

Unfolding factor F

o Number of excess events

AB:r(X,1v) Ny, [F] [fre” &

PD6|—— Br(X1v)

/

sl sl
Ng & | &

sel frec

AN

Number of semileptonic events Ratio of efficiencies for h—u and s/

selection efficiency

% AB(XUKDK) _ (Nu o N’L(zUt o BGU)/(Ggeleqliin) % 62167?1
B(Xfl?g) (Nsl - BGSI) 6?6? ,

23




Inclusive : 382v BB ] £,
Lﬁ 3000? - — §6OOOV :
400[
vUb 2000 ] 4000: 300§
i 2000
IOOOj — 2000= — L
. 100~ ]
E .ggooi_'v"x"v';%am‘w i .12200_%1%\4;!1%.%7%(}%;\;/;2%HHH*HH,_
20! } s 2]
A pr q*
100; 1001 1 100F | ]
] S o
_1005 E ! [ * ! +1 ! ! E { | | | | ]
0 L T R R b5 10 15 20 25
M, (GeV/c?) P, (GeV/c? q2 (GeVZch
-3 -3
Kinematic Region E(Ep R0 [Vas| (10°) Theory
A(stat. sys. th.) A(stat. sys. th.)
Mx<155 GeV/c2 | 118+0.09 +0.07 + 0.01 4.27:0.16:0.13:0.30 BLNP
456 + 0.17 +0.14 + 0.32 DGE
3.88+0.19+0.16 + 0.28 BLNP
P.<0.66 GeV/c? 0.95 + 0.10 £ 0.08 + 0.01 S
3.99+0.20+0.16 + 0.24 DGE
17 GeV/e? 448 +0.22 +0.19+0.30 BLNP
Mxl.7 GeVic" & 1 576 + 008+ 007 + 002 453+0.22+ 019025 DGE
q=>8.0 GeV?/c
481+023+0.20+0.36 BLL




How [ hings Mesh logether

AKA: M. Morii's HQE plumbing diagram

Inclusive b = clv
b—sy

Inclusive
b = ulv

25




m, more in details

comparison from

A. Hoang
Vxb workshop 2007
—— Heidelberg
1S Mb (GeV) Kinetic Mb (GeV)
4.70+0.03 4.613:0.022+0027 H—+ m 1S = 4.76
nobosy | 4751:0058 ||nob-sy |[ 4.677:0.053 » miS = 4.83
1S fit Kin fit
b—sy no b—sy b—sy no b—sy
m1S 4.70 4.75 4.76 4.83
m(m) |, g 1.99 193 | 430 m(mgbg 4.20 + 0.07 GeV
(2008, only BELLE)
mlfiréev mts Belle fits are consistent.
4.57 £ 0.13 4.72 +0.12 It's not the theoryl
no b—sy 4.54 1+ 0.075 | 4.72+0.06
E. Barberio
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Inclusive |V |: BLNP framework [:Fe

|V,,| world average

re
- |l
HQ parameters from b—clv and b—sg

CLEO (E,)
391+ 046 £0.44 b

BELLE sim. ann. (m,, q)

423+ 045 +0.36 k
BELLE (E,)
4.67+ 043 +0.38 —&

BABAR (E,)
423+024 £0.39 o

BABAR (E,, si=)

4374029 £0.49
BELLE m,, .
3.9240.26 £0.32 '_’_"'_’—‘
BABAR m,) i
409+ 020 £0.39 ————
Average +/~ exp +/- (mb,theory) |
431017 £0.35 ————1

ot = 6.1/ 6 (CL = 41 %) 5
OPE-HQET-SCET (BLNP) 1 F o
| +
Phys.Rev.D72:073006,2005 ; S PC‘r'GmS . —3 8 / o
m, input from b— ¢ 1 v and b— sy moments LP 2007
| I 1 1 1 l HE | | |

- m,(SF) = 4.63 + 0.06 GeV
* 1. 2(SF) = 0.18 + 0.06 GeV?

|Vw|= (4.31 £+0.17 + 0.35) 1073

Statistical +2.0%

Expt. syst. +2.6%

b = clv model +1.8%

b — ulv model +1.1%

2 4+ 6

IV, | [x107]
|V, | determined o + 8.9%

HQE param. +6.9%
WA +1.7%
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Inclusive |V, |: DGE framework

V. .| world average

CLEO(E,)

384+ 045 £0.30

BELLE sim. ann. (my, q’)
4421047 £0.26

BELLE (E,)
479+045+£0.26

BABAR (E.)

429+029 £0.28

BABAR (E_, s/™)

442+ 030 £0.38

BELLE my

429+028 +£0.28

BABAR my,

456 £022+£0.32

Average +/- exp +/- (mb,theory)
434 +0.16 £0.25

¥ idof = 2.3/ 6 (CL = 89 %)
Dressed Gluon Exponentiation (DGE)
JHEP 060 1:097.2006

m,, input from b—c | v and b— sy moments
| | 1 1

| LP 2007
L I 1

2 4 36
qubI [X 107]
|V, | determined to + 6.8%

b-mass form PDG
e m (MSbar) = 4.20 + 0.07 GeV

|Vw|= (4.34 +0.16 £ 0.25) 1073

+2.0%
+2.4%
+1.9%
+1.0%

Statistical

Expt. syst.

b = clv model

b — ulv model
DGE theory +3.1%
Rcut+total width +4.2%
WA +1.9%
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Weak anihilation

¢ ———— , —— ¢ ———— , ———— ,
L ® DataB—e | O | e DataB—u |
BT Ox e N P
. 0] | [ Dev 0] | 3 Duv
Different BR between o | Boe o 2o
= |l  [ED*ev - | E3 D**uv
7] [ fake lepton _] %] | T fake lepton
£ 100 2 100
+ 0 S | Os-x-e 5 [3>s-x-u
an 5 | mmPeakings 5 [ EmPeaking B*
| [@Datawc | &3 Data wc
50 50(—

0 2
M2 (GeV?/c?)

%, BOFTTT_T T T T = Y5 [T T T T T
& L ® DataB—e S I e DataB—u
2  BXev 2 [ Xwv
D*ev _| - D*uv
S 60 o
Ay - [ D**ev = L3 D**uv
g L E fake lepton g L % fake lepton
L B—=X—e B—=X—u
(9] [ -
5 a0l EBPeakingB* 2 | = Peaking B*
| @ Datawc | &3 Data wc

20

M2 (GeV?/c?)

Ap AB(B) 10* AB(B?) 10* A*/0

2.3-2.6 | 2.31+0.10+0.18 | 1.30+0.21+0.07 0.08+0.15+0.08

2.4-2.6 | 0.75+0.04+0.06 | 0.76+0.15+0.05 -0.05+0.20+0.10
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AB(q?) / 2 GeV?

Exclusive |Vl

‘-
b Vs W, T dF(B — 7T€V) G2
T = el Ve PP (6
E /i

on ]

=}
2999999,
2999299

d d /

Currently only B = mlv for |V | - one dominant
form factor (q° shape and normalization needed)

o Boﬁy'[lv * Form factor calculations from various methods:

: * "unquenched" lattice QCD (HPQCD, Fermilab, ...)
* Light-Cone Sum Rules (Ball & Zwickys, ...)

* quark models (ISGW?2, ...)

FF dominates |Vub| error

Phys.Rev.Lett. 98 (2007) 091801

s —— HPQCD  heer }\
C BK Fit to DATA N
28 e DATA LQCD and LCSR compatible with data

% 5 10 5 20 25 IS6W?2 quark-model incompatible (Prob<0.06%).

Unfolded g? (GeV?)
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Approaches to Measuring B(B — X, | v) Exclusive

Effi. Purity .
High Low Lumi.

Untagged

'Initial 4-momentum known.
*Missing 4-momentum = v.
'Reconstruct B = X, | v
using mp (beam-constrained)

Gnd AE - EB—Ebeam.

Signal

< 0.5ab"!

Semileptonic Tag

*One B reconstructed ina
selection of D) | v modes.
»Two missing vs in event., .
*Use kinematic constraints. /

<1 ab!

Signal

Full Reconstruction Tag .
»One B reconstructed fg o*

. ﬂ;"’ = "=y oo S
completely in knownb — ¢ n—ﬁ :

mode.  ATaa sid
g side .
*Many modes used. / — Low High
. barperio

> 1ab-!




—P Y2
y

N

y=/= =

012

D™y tag Method

Jag side reconstruction

lP Y1

| nB=(xB,YB,ZB)

X
PYz
, 20—
= =4B tag
?
g1so>\
=)
£ 100K
Q
S
w 502
= vl
00 03 06 09 12 15

M, (GeV/c?)

Events/0.15GeV/c?

-
o
o

;\?
>V

’ / B*g, =TIV / 'y ‘;_o

w
o
o

-
(4]
o

(4]
o

N

0

N N
o O
o o

BO
B_

x+|- +|-
tag D IV/D’l'v
*0]-y /O
tag—* D*°Iv/D%v
Signal
BO,~ v / mrll'v

0

0.3 0.6 0.9 1.2 2115
M, (GeVic?)

E. Barberio

253 fb!
(275M BB pairs)

Full g% region

I'NAL
v
@
v
®
wiv+r v
®
1 1 L 1 J 1 L 1 1 l L 1 1 1 l 1 1 L 1
2 3 4 5 6

V.| (x109)




Current status of Br(B° = I'v) & |Vl

BABARSLtag:B © — n”1" v x 21,/1, :
1.36 £0.33 £0.15 —
BABAR B, tag: B " — 71" v x 27,/1,
1.52 £0.41 £ 0.20 —— —————
BELLE SL tag: B * — 10" v x 27/, 3.41 £0.13 + 0.56 - 0.38
143 £0.26 £ 0.16 B
BELLEB,, tag: B " —> 7’1" v x 27 /1, | HPQCD q2 > 16
1.60 £0.32 £ 0.11 W
BABARSLtag:B’ > 1" v 3.33 £0.21 +0.58 - 0.38
1.12 £0.25 £0.10 e
BELLE SLtag: B " - w 1" v E FNAL @2 > 16
1.38 £0.19 £ 0.14 H—@—
BABARB,,, tag: B — m 1" v ! 355 +0.22+0.61 - 0.40 .
1.07 £0.27 £0.15 A
CLEO untagged: B — wl" v
1.33 £0.18 £ 0.11 "
-

Ball-Zwicky q2 < 16

APE q2 > 16

BABAR untagged: B — 1" v

1.46 +0.07 £ 0.08

BELLEB, tag B’ > 1"V §
1.49 +0.26 £ 0.06 e
Average: B’ > w1t v :
139 £ 0.06 £ 0.06 H

) !
% /dof =3.23/9 (CL = 95 %) 0
; HFAG
5 LP 2007
I | I I I | I I L | I I I | | | | | | | | Lp 2007

-2 0 0 2 . 2 4
BB — w1 v)[x10"] V| [x 107

3.58 £0.22+1.37-0.63

E. Barberio




|V, |: inclusive vs exclusive

Ball-Zwicky q2 < 16

341 40134056-038 4
HPQCD q2 > 16
333 £0214058-038 4 1
FNAL q2> 16
——

3.55 £022+061-0.40

APE 2> 16

3.58 £022+1.37-0.63

1 I 1 1 1 I 1 1 L Z‘i‘”

2 4 3
IV, [x107]

|V, | inclusive

|V, | exclusive

CLEO (E,)

3524041 £035

BELLE sim. ann. (my, ¢°)
397+042£031

no b—sy

BELLE (E,)
4354040 £0.33
BABAR (E,)
38940224033
BABAR (E,, s)
3.9440.27 £0.39
BELLE (my)

3.66 +0.24 £0.27
BABAR (my)
3.74£0.18 £031

Average +/- exp +/- (mb,theory)
3.98+0.15 £0.30
2/dof = 6.3/ 6 (CL = 39 %)
OPE-HQET-SCET (BLNP)
Phys.Rev.D72:073006,2005
m, input from b—> ¢ | v moments

I

) LP 2007

2 6
V| [x 107]

HFAG Ave. (DGE)
434 £0.16 £0.25

HFAG Ave. (BLL)
483 £0.24 £0.37

BABAR endpoint (Neubert
400 £0.27 +l‘?51 ™

BABAR encg.)oin[ (LNP)
440 £0.30 £0.47

—_——

—_—

4 5
IV, [x 107

X

-

=
[

Most probable value of V , from measurements
of other CKM parameters

0.5

0.45

TTTT]TTTT

G(Vub)

0.4

0.35

0.3

0255+

0.15
0.1 j

0.05
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CONCLUSION AND OUTLOOK

b— clv

V., 1% error with the inclusive determination dominated by
theory and inclusive versus exclusive are increasing the gap ~2 o

b— uly

V., ~8% error shared between theoretical and experimental
inclusive vs exclusive are decreasing the gap but....

The B— D**lv decays are challenging the theory...
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