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Talk overview

Waypoints:

* Introduction What modes are covered by our B — D** £ 7y measurements

* Recap of essential experimental methods: Tagging and m2;,

Relevant measurements:
— Tagged B — D™ 7 7y measurements: arXiv:0712.3503v1 & arXiv:0711.3252

— Tagged B — D7) (U measurements: arXiv:0808.0528v1 & arXiv:0711.3252

— Tagged B — DY) X (7, measurements: Preliminary Belle

—— World averages from HFAG arxiv:1207.1158v1

# Tensions between broad state measurements

+ Experimental limits on non-resonant GR-type decays

% Semi-inclusive B — D*) X 5, v exclusive B — D* .D(yJ Livg
—p(*)x

# Putting everything together: 'Gap’ inclusive v exclusive

7 Neglected channels: p** — D& xr & D** — D)y

Summary and my conclusions
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i. Introduction
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< What modes are covered by our B — D" /', measurements?

* Three kinds of measurements:

—»  Semi-inclusive measurements of D** — D(*) ¢

— Exclusive measurements of m () with resonances
which are assigned to 1P

—+  Semi-inclusive measurements of D** — D(*)x
and sum over all resonances

i Expected Quark Model (cg) states:

m (GeV)

Leading order Weak b — q diagram

28
C Notation used in talk:
26 * D**(1P), D**(2S), D**(1D), ...
C *  Continuum/Non-resonant decays
24E BYR(B = D) x e 5y)
22F ! !
C i ;!
oF B lp » B Bl D
C / S-wave o T N
r P-wave ~ e
L8F D-wave Diagrams contributing to continuum B — D7

i Continuum (or non-resonant ) contributions see eg. [JHEP 1210 (2012) 169]

* Exclusive branching fractions assigned to 5 — D7 ., (1P) (i
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ii. Experimental methods
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Experimental methods: Tagging & m2e,

* Tagging at the B Factories:

Hadronic B tagging: Reconstruct one B meson and look at rest of the event

— Expect only particles from signal
Untagged Tagged

{
j Efficiency

Signal side characteristics:
— Decay with missing momentum due to neutrino in final state
2 _ 2
Miiss = (F’T(4S) ~ Pptag — Ppxx — Pe)
% For true B — D** ¢ iy decays this should peak at 0; for sl with a true D missing particles tend to push
distribution to positive values, randomly assigned to either positive or negative values.
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Experimental methods: AE & my ks

* Two dominant sources of background: combinatorial B and continuum

— B meson Production at B Factories through well defined initial state: ete™ — T(4S) — bb
<> charge and momentum correlation of final states completely determined.

* Energy difference AE and beam constrained mass my/gs:
AE = EBtag — Epeam mbc/ES = Egeam - pétag

Epeam = \/5/2 »~ 5.20GeV

Correctly reconstructed B8 should have AE = 0 and Mpe/ES R MB

I T I

> 0.6 (b) >

s 2

<

S04 N

2 2

c =

& &

S )

-0.1 0 0.1 : 5.24 5.28

Saoona AE (GeV) mes (GeV)

Blue combinatorial and continuum background; white hadronic B decays (both simulated)
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iii.a Semi-inclusive B — D) 7 (7,
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Semi-inclusive B — D™) 7 /7, measurements: BaBar
Phys.Rev.Lett. 100 (2008) 151802; arXiv:0712.3503v1

* Tagged measurement: 80% of BABAR dataset (341.1/fb)

% Hadronic tag: B — DY with "K&m € Y”

=~ (O(1000) decay modes
— 5.27GeV/c? < mgs < 5.29GeV/c? & B w. smallest AE
*  Signal/recoil side: lepton with p > 0.6 GeV /c;

reconstruct D and D* candidates from K and 7

Further requirements:
mp, — mp > 0.18 GeV/c? to veto B — D* £ Uy events.
Total energy not assigned to B2 or signal side less than 1 GeV.

« Events analyzed in fit to m2,, = m>: (PDFs from MC)
— e BT =D n " tiy
f)B- = D*tn= ¢,
g) B - D=t ¢y,
h)y B® - D*Or~ £,
— Yellow: Signal

Green/Red: Background from B — D(*) £,
Blue: Down feed from B — D* w £y
Magenta: continuum

« Signal BF extracted with normalization channel
(B — X £y, to cancel tagging systematics)
[%]
BY - D ntety, 0.42 4+ 0.06 £ 0.03
Bt — D* ~xt¢tv,  0.50 4 0.05 £ 0.04
BY = DVr~ ¢Fu, 0.43 = 0.08 £ 0.03
B® —» D*Ox~ ¢t v,  0.48 +0.08 + 0.04

Events/(0.04 GeV/c")

Events/(0.04 GeV?/c")
8 8 8 3 3

0% 08 sl

[=Ere

B continuum + BE:
[ fake lopton

g 05 o 5 1
md, (cevre]

60 g) Y
sof- Bora 4

B continuim + 58]
b St

6.0

eV

kg B~ D
5 continuum + BB:
3 fake lepion

1
i 1Geve ]
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Semi-inclusive B — D) 7 ¢y measurements: Belle
Phys.Rev. D77 (2008) 091503; arXiv:0711.3252

* Tagged measurement: 85% of Belle dataset (605/fb)
* Hadronic tag: B¥ — DY with "7 € Y”
— mgs > 5.27GeV/c? and |AE| < 40 MeV

* Signal/recoil side: lepton with p/ > 1.0 GeV /c;
reconstruct D and D* candidates from K and 7

« Events analyzed in fit to m2,, = m>:
Continuum and BB Background subtracted from data using AE and
mo() sidebands. Down feed from simulation.
— 2a)BT = Dfxep,
2c) B® - D=t e,
2b) B~ = D*t Tty
2d) B® —» D*Ox~ £,
—  Fit function: relativistic Breit-Wigner.
« Signal BF extracted with normalization channel
(B — D £ iy, to cancel tagging systematics)
[%]
BT - D nt ety 0.40 + 0.04 £ 0.06
BT — D* ~xt ¢t v,  0.65+ 0.08 & 0.09
BY - DVn— 0T o, 0.42 + 0.07 + 0.06
B® —» D*Oxr— ¢ty 0.56 + 0.21 + 0.08
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*

HFAG averages and summary
arXiv:1207.1158v1

BaBar and Belle are in good agreement:

%] BABAR 2]

Belle

Bt - D nt ety 0.42 + 0.06 + 0.03

BY - D nt ety

B* — D* “xt ¢t v, 059 4 0.05 £ 0.04 Bt — D* “xt ety

0.40 £ 0.04 + 0.06
0.65 + 0.08 + 0.09

BY - DVr— 0Ty, 0.43 £ 0.08 + 0.03

BY — DVr— ¢F vy

B® » D*O7— ¢t v,  0.48+0.08 + 0.04 B® » D*%x— ¢ty

0.42 4 0.07 £ 0.06
0.56 &+ 0.21 £ 0.08

HFAG averages for Branching Fractions:
(Private average = isospin average of both modes with 719 = 1.079 =+ 0.007)

[%] HFAG Private average
BY = D nt ety 0.42+0.05 0.44 4 0.05
BY - D* xtety, 0.6140.05 0.58 % 0.06
BT = DntTu, 0.63 £0.08 0.66 & 0.08
Bt - D*netuy, 0.92+0.08 0.87 £ 0.09
BT — DX r et u, 1.55+0.11 1.53+0.12

[%] HFAG Private average
BY = DVnF e~ 0.434+0.06  0.41 + 0.05
B > D*%zt ¢~ 5, 0494008 0.54 4 0.06
B" 5 Dre i 0.65 +0.09  0.61 + 0.09
B » D* 7wt~ iy 0.74 £0.12  0.80 + 0.09
B > D™ ne~ 5, 1384015 1.42+0.12

The isospin factor applied to BT — D)=zt ¢+ 1, or BO — D)0z ¢

Dy is

% For isospin

average assumed a 100% correlation on the uncertainties between isospin conjugated channels.
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ii.b Exclusive B — D** a7
D)
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* Tagged measurement: 97% of BaBAR dataset (417/fb)

*

* Analyze mp.), — mp(.) in windows of m2,.

—

* Fit results: isospin scaled HFAG numbers; sz =1.56 + 0.16

Exclusive B — Digm_éﬂé‘ measurements: BaBar
-
Phys.Rev.Lett. 101 (2008) 261802; arXiv:0808.0528v1

mo a
Hadronic tag: B%& — DY with "K&n € Y” =g$
=~ O(1000) decay modes -DZnh,
5.27GeV/c? < mgs < 5.29GeV/c? & B'8 w. highest Purity [ background

Signal /recoil side: lepton with p;" > 0.6 GeV/c;
reconstruct D and D* candidates from K and 7

Further requirements:
mpy — mp > 0.18 GeV/c” to veto B — D™ £ Dy events.

Variable cut on ‘erniss‘; relative broad window for D7

Signal (Breit-Wigner * Gaussian), resolution from MC. N‘;’
Bkg PDFs (KEYS or Exponential * Gaussian) from MC. 2
D* 7 — D7 down feed fixed and from MC. o
a)B™ = D* T 4, b) B~ — Dtr~ £ S
c)B® = D*Oxt ey, d) B® —» D7~ ¢y H

a

Red: B — Dy £y Green: B — Dy Ly
Purble: B — D{ £ 7y Magenta: B — Do £ 7y

%] D** — DM x

BT — DY T v, 0.42 £ 0.05 = 0.05
B* - Dy%* v,  0.26 +0.03 + 0.06

08 w 1 12
BT 5 D9¢T v,  0.41+0.06+ 0.06 m(o"x)-u") [GeVie’]

BT — Dj et v, 0.48 4 0.06 + 0.08
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Exclusive B — D,jD(,,%('f/; measurements: Belle
-
Phys.Rev. D77 (2008) 091503; arXiv:0711.3252

* Tagged measurement: 85% of Belle dataset (605/fb)

g - , «, 80 -

% Hadronic tag: B — DY with "7 € Y’ S F H

3 3

mgs > 5.27GeV/c? and |AE| < 40 MeV ;6"; H

+  Signal/recoil side: lepton with p/” > 1.0 GeV/c; A H
reconstruct D and D* candidates from K and m &

* Analyze mp.) — mp.) in windows of m2,. 100

— Cut on \m?ni55| < 0.1 GeV?/c*
—  Continuum and BB Bkg subtracted data using sidebands.

— Signal (Breit-Wigner; NR shape from MC)

— D" — D7 down feed fixed and from MC. 0F
40}
a) B- = Dt~ tiy b) BT = D*tx =ty F
) B® = D=t epy, d)B® - D*%x~ 25, 20
. 0 s
* Fit results: Isospin averaged modes; values HFAG rescaled 20;
15 F
%] D** = D)x of
BT — DY €T v,  0.67 £ 0.10 £ 0.09 sE
BT - Dy%¢ v,  0.72+40.03 +0.06 o Bttty -
BT 5 D¢y, —0.05 + 0.09 & 0.11 2 22 24 .

MO ) GeV/c'

B — D§ ¢t v,  0.37 4 0.05 + 0.09
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HFAG averages and summary B — D7 .,

™

HFAG Summary of D; Branching Fractions:

(isospin averaged)

The isospin factor applied to Bt — D? L7 vy with two-

[%] HFAG

BT — DY e,
— D*~ 7t 0.285 +0.018

BT — DV ¢t v,
< D*rx 0.428 + 0.027

body fragmentations is %

éﬂ/i

Narrow states D;

arXiv:1207.1158v1

ALEPH
0452010 2007 —a— a)
OPAL
05920212010 e
CLEO
03520092006 .
o
BELLE B+
044007006 —
BELLE B0
0.60020 20 ———
-
i
BABAR Untagged B0
030003003
Average
0282002
End Of 20(1 fidol = 1LV8 €L=1330%)
220} PRI R P i

0 05
B(B"— D} I v) B(D) - D" ") [%]

Hadronic 3-Body modes: B(B — Dy7) x B(D; — D) Phys.Rev. D84 (2011) 092001

; + 50 + - f
Estimate BT — DIHD(*)_’”‘_Z vy via naive

scaling:

Rp

=

B(B+ D) xt)xB(DY — Dx )

=0.67 £0.18

B(BT—Dd7+)x B(DY—D* )

Assumes no isospin breaking effects

[%] Private
BT — DY ¢t
< D*x 0.428 =+ 0.027
BT —» D} (T v,
— Drw 0.287 + 0.081
BT — DY ¢y,
— D™ x(x)  0.715 £ 0.091
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HFAG averages and summary B — DgD(*)WéDg: Narrow states D,
arXiv:1207.1158v1

HFAG Summary of D, Branching Fractions:

(isospin averaged)

%] HFAG o
BT — Dg s vy 00520072001 —— b)
— D**x~  0.074 £ 0.007 Do i
——
BY S DY oy
— D)+ x— 0.189 4+ 0.035 01920062003 ——
BY — DY et BABAR Tageed
0050012001 bt
< D) r 0.284 + 0.050 BABAR Untagsed B+

0092001 b
The isospin factors applied to BT — Dg £ vy or BY — :;B,V\:‘:‘_":;‘ﬁm . -4}
Dy ¢~ 7y with two-body fragmentations is 3. HFAG Average

2 2 007001

combined the Dy — D7 channel with sz =2.240.5.

I've applied a scaling using the PDG value for the resulting T3jS CL=2000%)

1
HFAG number of fp,, = 1.560.16 to obtain the D(*) 02 .0 , 92
number of fp, + o obtain the T BB —>Dglv)B(Dg—>D 1) [%]
branching fraction.

* Hadronic 3-Body modes: seem negligible cf. Phys.Rev.Lett. 94 (2005) 221805
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HFAG averages and summary B — D~ () {U;: broad states
—D\)
arXiv:1207.1158v1

* How much space is there for broad or continuum states?

[%] HFAG Semi-inclusive
BT - Dy v,
— Dm 0.12 £ 0.02 [%] Private average
BT = D™ * (1P)narrow £ vg BT — DréT v,  0.66 £ 0.08
— D7 0.12 + 0.02
%] HFAG
BT — Di) la3 vy Semi-inclusive:
— D*m 0.43 + 0.03
Bt — Dg Yam [%] Private average
< D*7 0.07 + 0.01 BT - D*7¢T v, 0.87 £0.09
BT — D**(lp)narvow oF Ve
— D*m 0.50 £+ 0.03

B(BT — Dr e vy) — B(BT = D**(1P)narrow s pre €1 v¢) = (0.54 +0.08) %

B(BY = D*x et vy) — B(BT = D** (1P)narrows p* » £1 v¢) = (0.37 + 0.10) %
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lvy: Broad states Dy
arXiv:1207.1158v1

HFAG averages and summary B — D7 )

* HFAG Summary of Dy Branching Fractions:

(isospin averaged)
BELLE Tagged B+ b)
[%] HFAG 0252004006 e
BT — DY € v,
— D~ 7wt 0.29+0.05 R~
T 50 /T
BT — DO ZD Ve GG BABAR Tagged
= ™ = o 8 03220042005 =
The isospin factor applied to BT — Dtl) T v, or BO Average |
029+ 005
D;r £~ Dy with two-body fragmentations is %f
HFAG|
‘ i~ 10212 L= G600 %) )

04

0.2 0 02
BB —=D,’l'v) B(Dno —D* ) [%]

= Tricky measurement but consistent picture (7) : P-Value of combination 66%
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HFAG averages and summary B — D**_ ., {i,: Broad states Dj
D) 7
arXiv:1207.1158v1

* HFAG Summary of D; Branching Fractions: SETHI a)
(isospin averaged) 074201720.18 —_—a—
BELLE
[%] HFAG 20.032006+007 T
BT — DV v, _—
— D* 7wt 0.13+0.04 -
T =70 ,+ 02720042004
BT = D" T vy
— D*m 0.20 4 0.06 Average
0.142005 M
The isospin factor applied to BT — D? Vs vy or B —
Bt 0= 5, wi ions is 3
Di" €7 Dy with two-body fragmentations is 3. HFAG
[ om0, . .
-0.5 0 1

05
B(B = D/I'v) B(D'— D™ ) [%]
= Not very consistent picture: Combination results in x?/ndf = 18/2.

* How to deal with this?

i Blue line = average without Belle ...
il Maybe this just reflects our poor understanding ...
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HFAG averages and summary B — D*"_ ., (i,
s D)
arXiv:1207.1158v1
* Both measurements included continuum; both got yields compatible with zero

o «, 80 ;

E L a |2 F ”g
o [ D’lv SeF 2
wof- Eogv s f g

E i G40 H
wE [Ibackground s b @
Py o

n
R
T

e

SE-
I~ E eled: LI Y 0 I I
8 s L
> °)
Q gof 40 -
=" 3
s [
Sk 20F
3 af [
c L
H 0
I 20F

1sE 9
10f +
10
|
5 ¢ q 5= = 2 v
o 0T 13 L P . 2 22 24 4
ME"x)-MD") [GeVic?] Mo 7 Gevic

—> Both measurements use very different setup: BABAR trusts simulation and uses cross feed to gain
sensitivity; Belle tries to use sidebands and makes strict cuts on m,zniss .

20
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HFAG averages and summary B — D**

b, {Pe: continuum states

arXiv:1207.1158v1

* How much space is there for continuum states? Using the HFAG averages

[%] HFAG
Bt — Dg ot vy Semi-inclusive
— Dm 0.12 + 0.02
Bt — Dg Jam [%] Private average
< Dr 0.44 + 0.08 BT — DrtT uy, 0.66 + 0.08
BT — D**(1P) (T v,
— Dm 0.56 + 0.08
[%] HFAG
BT = DV et v,
— D*m 0.43 + 0.03 Semi-inclusive:
Bt — DY et v, .
s D*rm 0.07 4+ 0.01 [%] Private average
BT — D% ¢t v, BY - D*r¢Tv, 0.87 +£0.09
— D*m 0.20 4 0.06
BT 5 D (1P) €T 1y
— D*m 0.70 + 0.07

— Continuum Bt — Dr et vy & BY — D*netu,

B(BT = Dr et vy) — B(BT = D**(1P),pr £ vy) = (0.10 £ 0.11) %
B(BY = D*x et vy) — B(BT = D**(1P), pxr £ vy) = (0.17 £ 0.11) %
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iii.c Exclusive B — D)/D* | 1y
\%
Inclusive B — X . (1
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Exclusive v Inclusive
Private averages; arXiv:1207.1158v1

* Summary: Optimistic & non-controversial

[%] HFAG
BT — DV ety 2.30 + 0.10
Bt — D*0¢ty, 5.34 + 0.12
BT — Dg A
— D= 0.44 4 0.08
Bt — D{® ¢t v,
< D*x 0.20 + 0.06
Bt — DY et v, [%] HFAG
< D*r 0.43 + 0.03 Bt - BVt y, 2.30 £ 0.10
Bt — DYt v, Bt — D*0¢ty, 5.34 +0.12
— D¥)r 0.28 4 0.05 BY 5 Dnety, 153 +0.12
BT = D**(1P) ¢ v, ) 9.17 £ 0.20
— D) g 1.35 +0.12
Incl. BT — X tv 10.91 + 0.14
BT — D? A
— Dnm 0.29 4+ 0.08 'Gap' Incl. vs excl. 1.74 £ 0.24
NRBT = Drnefuy, 0.10 £ 0.11
NRBT — D*7e¢t v,  0.1740.11
> 9.55 4 0.26
Incl. BT — X 4v 10.91 + 0.14
'Gap’ Incl. vs excl. 1.36 + 0.30

= Significant Gap between inclusive v exclusive of 1.36 - 1.74 % (45-73 o)
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iv. Neglected channels?
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Missing modes

Easiest explanation: we are missing some modes

Obvious candidates: 8 — D) 7 7 ¢, & B — D) 017,

Or|g|n7 A bit unclear 3-body decays from the 1P states studied hadronically, all but Dy very small
List of prospective blameworthy sources:

*  Continuum ?

* Beyond 1P? 2S or 1D?
*  Something else?

BaBar & Belle tell us, it's not BT — Dg*) K™ £ v PDG Live from this morning
B(BT — D) Kt £vy) = (0.061 4 0.012) %

Lesson from fully inclusive B — X £ Iy lepton spectrum:

—  Missing component has a hard lepton spectrum.
— Continuum type models (e.g. Goity-Roberts type models, cf. Phys. Rev. D 51, 3459 ) tend to not
accommodate this

25
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iv. Semi-inclusive B — D) X /',
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Semi-inclusive B — D™ X ¢,

Belle preliminary

* From Christian Oswald’s talk from ICHEP12:

Semi-inclusive B — D™ X /v

Full hadronic reconstruction of 2D unbinned fitin mp. and

tag B with neural network mp (D modes)
Am =mp- —mp (pD* modes)
Reconstruction of signal:

g Belle
DO N K,TrJr(TrJrTr,) ] gool  Preliminary 1
D K ant x 2 B flavours Swo- BY— DX ]
D*0 — D70, = 8 different modes i
+ 0.+
D" = D] . m
Secondary+fake lepton bkg subtracted L T 2

528
m [GeV]

from a 2 fit to the lepton momentum

Total= 2635- 62

: _' fit bkg= 361 41 772 % 106 BB

1 Fitsig=2474-65
L =00, progrozr
|2 S—— —

o
g
gsmf ! ! Belle S
k4 E 50 Data =
ok B 7omt 2
2
i

i

k X X 19 1.92
e mo [GeV]
P, GeV
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Semi-inclusive B — D™) X ¢ 7,

Belle preliminary

Inclusive vs. Exclusive puzzle: w

Full semilept. width described by semi-inclusive modes:
B(D°X + D*X)/B(X) = 1.027 = 0.018a:. &= 0.012pp) &= 0.0404,
B(D°X + D*X)/B(X) = 1.010 £ 0.0154,, % 0.0115p) = 0.040,

BY:
B~

D** : 1.7% DX .
— T

= ¢ DX
B~ @ ‘\6,”

D :2.3% D°X — DX — DX

= Inclusive rate well described by semi-inclusive measurement.

* Looking forward to learn from Belle what X is.
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v. Summary
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Experimental status and Outlook

My take:

* Narrow states leave a relative consistent picture

* Situation with broad states:

+ Discussion dominated by two measurements, both use slightly different approaches:
i BABAR relies more on MC, makes use of cross feed to gain sensitivity
ii  Belle uses more data driven background estimates, but has a reduced sensitivity

— Need more experimental input: j, , v s, dominated by two measurements!

—  Continuum (e.g. Goity-Roberts type models, cf. Phys. Rev. D 51, 3459) produces mpx . mass
spectrum not compatible with observation.

* Situation with 'Gap':
# Missing modes most compelling explanation
— B — DX xnip, & B — D™ yep,
—  Semileptonic modes: need more tagged measurements from the B-Factories

* These decay modes are of course also present in the hadronic modes:
— Interesting opportunity for LHCb to help the B-Factories.
Outlook from BaBar :
* Plan to look at 5 — D*) w705, & B — D) 405,
Outlook from Belle:
* Plan to look at X cf. siide 27, maybe more ?
30
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