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Overview

Why explore the Flavor sector of the Standard Model in the first place?

Inclusive measurement of B — X, ¢ vy
[arXiv:1112.0702]

Exclusive measurements for B — h{ D, with h=m,w,p,n, 71
[PRD:83032007], [arXiv:1205.6245], 2 [to be submitted]

| Vub| from both approaches

The status of charmless semileptonic decays at BaBar
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|.a Motivation

Why explore the Flavor sector of the Standard Model (SM) and measure
charmless semileptonic decays?

[cf. Backup A.a for a slightly longer introduction]

|. Charmless semileptonic decay rate allows
determination of | V|

[I. |Vu| important input for global CKM fits.

a  What are the contributions from the Flavor sector to CP violation in the Universe?

b Violation of CKM unitarity <> new physics

vud Vs
Vekm = Ved  Ves
Vid  Vis

I1l. Inclusive vs Exclusive measurements:
a Fairly independent experimental and theoretical methods

b Probe our understanding of non-perturbative and perturbative QCD
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|.b Semileptonic decays
Semileptonic b — u decays are characterized by

a o"=(pg —px)’ = (pc +p5)
b 6: Angular variables (helicity,. . . )

¢ mx: Invariant hadronic mass
- 2
B(B — Xyl l/@) X |Vub| X 'Something we can predict from Theory’

a Challenges:

= Much more abundant b — ¢/, decays:

5 06
Force e.g. inclusive measurements into regions with larger theory %
uncertainties. Orbital or other modes poorly known. g o4
2
H
. . 2
= Very low signal yields Q02
: . 0
b Experimental techniques: a0 0 01
Si00As AE (GeV)
= Neutrino reconstruction: — 2 _ g2
. Mes = Ebeam/4 Pg
(EmiSS> Pmiss) = (Ebeam: pbeam) - E (Ei7 Pi) 2 T T T
A (a)
Missing mass squared: MM? = Er%‘iss — |Brmiss | !

= Beam constraints: AE and mgs

103 Events/2.4 MeV

(Eg, ﬁgz) = px + P¢ + Pmiss Or inferred from the tag side if
present; * = in T(4S) rest frame; Ej,, = beam energy sf; Gev)
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BaBAr charmless overview:

new result
[ ]
A
shown last ICHEP . new result new result
] L[
A A
L e A I e OIS I
(= b-u Mass Spectrum
—7 ' p,w new result
§ 7T ﬂ—a [arXiv:1112.0702]
Sl
N T T T T T
25 3 35 4
my [GeV]
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[I. New inclusive measurement

[arXiv:1112.0702]

At a glance:

tag

recoil

= (]
Full BaBar dataset of 467.8 x 10° BB =
210000 + 4
Inclusive B — X, £y using hadronic §
tags to reconstruct pg, require lepton E
5000 + 1
_ tracks calo
px = 32, P + 30, P -
The sum excludes the lepton and all tracks and calo A
clusters associated with the tagged B g.22 5“24 5_‘25 5_‘25 5"24 5.‘26 5.‘25
. mg (GeV)
Cut based Bkg suppression, e.g. M1, total
charge, D* veto based on partial reco. Signal regions of phase-space:
1) my < 1.55 GeV
2 _ _ 2. o 2. .
q° = (ps P_{) s M = Px; pe: 2) my < 1.70 GeV
Py = Ex — |px| 3) P, < 0.66 GeV
Unbinned LH Fit in mgs for comb. & 4) my < 1.70 GeV & ¢° > 8 GeV?
continuum Bkg (- top plot) 5) mx o pf > 1.0 GeV
x” Fit (- List) for signal and BB Bkg 6) pp >1.0Gev
Step 1 Fit # of B — X, £ Uy evts. in given bins 7) pp > 1.3GeV
Step 2 Determine # of B — X (v, evts. in reco sample * — B rest frame

= Measure ratio AB(B — Xuléljg)/B(B — XEI?[) (— many systematics cancel)



Entries/bin

Entries/0.31 GeV

[I. New inclusive measurement

[arXiv:1112.0702]

600 ——T——T— ————
3000 M<t.7 Gev | d
©] > (d)
P 1 = 1000 -
£ £ 400 O]
3 2 =
2000 & & =
£ £ g 500
1000 5 £ 200 2
L B {=
fin}
0 0 =t 0
> o M,<1.7 GeV >
300 s $ 200~ & 200
O r 1 -
200 § « 100 * b g 100
100 =) 2 ] >
o 2 2 i 1 2 0
L = "E E
< w 0 -
—1000 i ; " 1\0 2\0 [im]
*(GeV?)
T
1500 000 a) my < 1.55 GeV or my < 1.70 GeV
c £ 3000
2 1000 2 2000 b) P, < 0.66 GeV
& s00 8 1000 ) my < 1.70 GeV & ¢ > 8 GeV?2
0 | d) py >1.0GeVorp, > 1.3GeV
$ 300 E 1 <« a)&b) my —q°, p; > 1.0 GeV
& 200 8 B
€ 100 t % ] (White) B — X, £ ; (Cyan) B — X, £
d = £ leakage into signal region; (Grey) Bkg from
7 ]
0 10 20 N B — X £ Dy and other sources
(GeV?)
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[I. New inclusive measurement

[arXiv:1112.0702]

o AB . OBF T T T T T T
- V| = 5 A ey with Altheory from Negl vome ]
ADFR [EPJC:50;831], BLNP [NPB:699;335], DGE [JHEP:0601097], 03¢ E
GGOU[JHEP:0710:058] 0.1 3
I~ E El
- mx —q°, p; >1.0GeV vs p; > 1.0 GeV -01¢ E
Events overlap completely; Very nice agreement between theory —0.3? E
icti ; ; ; —05E L et e S
predictions and signal regions — large region of phase space, very 204-02 0 02 04 06 08 1
reduced sensitivity to non-pert. corrections (= shape function) P
- mx 7q2, pz > 1.0 GeV vs mx < 1.7 GeV OSET T I T T
Large overlap, cut on my increases sensitivity to non-pert. E 7 N Vupl e —E
corrections (= shape function) \h E
[Vyp| x 103 pf > 1.0 GeV my — ¢ my < 1.7 GeV = o1 oo e 7
ADFR  43+03707 43102707 37+027)3 E ! B omeicw ]
To. 1o 1o -0.3 B e
BLNP  43+03"02 43+02)2 40x02t)2 PN " E
DGE 4.4+03t01 4.4+ 02701 4.2+02t03 —05E . e
7501 o1 753 -04-02 0 02 04 06 08 1
GGOU 4.4+037 9 4.44+0.27 oy 3.94+027 55 _

P

The apex of the UT from the Moriond 2012 CKMFitter result is compared to the constraints from the new
BABAR inclusive measurement as determined by the QCD calculation from [JHEP:0710:058], A = 0.812 + 0.022,

and A = 0.22543 + 0.00095. — other calculations in Backup
8/21



BaBAr charmless overview:

new result
[to be submitted]
A

shown last ICHEP
new result new result

Y\ b-u Mass Spectrum

Arbitrary Units

rol|

) B I R I I SN W
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At

a

I1l.a New B — h{ ¥, measurement

glance:

Full BaBar dataset of 467.8 x 10° BB
B — hlw, with h=7,1n,7,w
Untagged; loose neutrino reconstruction

g’ = (ps — ph)z, ps from average over
directions; resolution unfolded

q° dependent selection — Figure
Binned LH Fit in AE — mgs — g°:

h = 7 Signal in 12 bins of qz; Bkg in two bins of q2
h = w: Signal in 5 bins of q2; Bkg in one q2 bin

h = n: Signal in 5 bins of q°; fixed or in one g° bin

h=n': Signal in 1 bins of qz; Bkg fixed

AE — mes Signal & Background PDFs :

signal b—ulv same B

T T

e, (Gev)
meg (GeV)

[to be submitted]

= >
3 ]
FRES S
E 0000)
] g
519 ]
) Fonn
uosf
g
o
EI R ]
o (GeV) 21 /2E o, (GeV)
£ g
H S ™
=02 Zao00-
© o
S0af H b
3 2 3 %
[ %
0.8f 20000F] X ]
hod
0.8 k*
*
-1‘* 5 10 15 20 25 A0 0.5 0.0 05 1.0
¢*(GeV?) cosg,

cuts(g”) for MM? /(2Eiss) and the cosine of

the lepton helicity angle cos 6.

region is excluded.

Oth

er BB sam:
=

meg (GeV)

Continuum
T T
A

The shaded

o5 10
AE (GeV)

10/

21



AB(q?)/AQ? x (2 GeV?)

AB(B — i)/ A

l1l.b New B — h{ Dy measurement

[to be submitted]

AB(B — wlin))/Aq”;  AB(B — nlin))/Aq°

[Vyp| =3.25 £0.31 x 1073
[PRD:56303],[PRD:80034026],[PRD:79054507]

§1o‘ g0 P -uf"’i
E < A > r
o 8 wosn S
160 = 5% BGL fitto data < of
E. x o data x E
T G a0f G 1op
125 < = 8
100 Joma Zt
s; g 30| E S?
E £ aF
o o I | 20| 3 e
a- o mase * BGL fitto data
E FNALMILC fitted 10 £ e
2? [ BGLitiodala+ FNALMILC “ ,é ‘ ‘ ‘ ‘
5 10 15 20 25 % 5 10 s 2 ) 5 10 15 20
Unfolded ¢? (GeV' Unfolded ¢ (GeV?) Unfolded g7 (GeV?)
|Vub| from B — w7y two methods:
R R e e !
a  Sum rule or lattice based QCD prediction of decay rate: 0.3; P V| rome 1+ E
[PRD:73074502] > 16 347x0137 050 o ’ [~ ]
[PRD:830904021] <12 3.46 +0.101 037 -0.1F ) CKMFite
i 1020 E /, =5 1 Lattice+BGL 3
[arXiv:1203.1359] 0 3.34+0.117 5'5¢ _03FE LesR E
5 E HPQeD
b Combined lattice and data fit of whole g~ range with S P W, TS R S B
model independent form factor parametrization: -04-02 0 02 04 06 08 1

g
[CKM Fitter Moriond 2012]
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BaBAr charmless overview:

shown last ICHEP
new result new result

[arXiv:1205.6245],[to be submitted]
A
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At

[1l.c New B — w ¢ v, measurement

a glance:
Full BaBar dataset of 467.8 x 10° BB

- Untagged B — w{ Dy; loose neutrino
reconstruction.

- q2 = (PZ + pmiss)2

- Neural Network based selection to suppress
continuum and B — X 4Dy

- BB comb. Bkg from w-mass sideband

il

2
38
]

Candidates / (0.002 GeV)
4
8

N
3
]

0.85
my, (GeV)

- Binned LH Fit in AE — mges — g° (— Plot)

¢/ GeV? [Vip| x 103
[PRD:71014029] <12 3411028 £0.38

Signal in 5 bins of ¢°; BB Bkg with true w in 5 bins of '

[arXiv:1205.6245]

0<¢® <21GeV?

B
o
(=]

LI

n
=]
=]

Candidates / (0.01 GeV)

AB/AG? (GeV?)

Fitted mgs and q2 spectrum
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At

[1l.c New B — w ¢ v, measurement

[to be submitted]

glance:
Full BaBar dataset of 467.8 x 10° BB
Tagged measurement of B — w/{ iy

Partial reconstruction of secondary B meson
kinematic via B — D) a7

Kinematics of B-mesons inferred from beam
constraints + D) ¢ and w ¢ candidates

= (ps — pw)2, meas. in B rest frame.

Binned LH fit in cos ¢3 — g°:

s

?Bu
cos ¢ angle of tag B 3-momentum and the plane spanned by
the D'*)(n ) 7 and w ¢ 3-momenta

¢/ GeV? [Vip| x 103

[PRD:71014029] ful 339£032L065

g P TR T R P S

Fitted cos ¢ and 7 spectrum

N T T
“: + data 3
] — Ball & Zwicky
5 ISGW2 3
b 3
2 [ — El
z } |
i E
3 ! 3
(] El
2 3
T T T T T SO T T |

2 4 6 8 10 12 14 16 18 20

o (Gevic?)
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IV. Comparison of |V,,| from both approaches

|. Good agreement between |V,;| from different exclusive measurements.
Unquenched Lattice predictions for form factors for B — w £ 7y and B — p £ Uy highly desirable,
considerable width of p might make the w easier target.

II. Tension between exclusive vs inclusive | V|
Many ideas floating in the room: poorly understood QCD (— SIMBA), new physics (e.g. right-handed
currents), poorly understood backgrounds (e.g. B — X £ 7, which has its own mysteries), experimental

uncertainties underestimated, etc.

(0] s R B RS AR RN R 0.5E
03; |Vub| Exclusive 03?
01 015
I= E 2 = E
-0.1F CKMFitter 018
E Bonly E CKMFitter
_ ; | Bowly _ ; L P-MgE>1GeV
03; Boply E 03; My < 1.70 GeV E
—05E b e 3 =08 L e
-04-02 0 02 04 06 08 1 -04-02 0 02 04 06 08 1

p p
|V,p| from the combined data-lattice fit from page X for B — m £ 7 is compared to the values for B — w £ 7y and
B — p £ iy determined using the Sum rule calculation of [PRD:71014029]; The right-hand side shows the inclusive result
from page Y for two phase-space regions and using the QCD calculation from [JHEP:0710:058].
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V. Summary: The status of charmless decays and |V/»]

|. Measurements using the full BaBar dataset for 4 exclusive modes

Understand what makes up ~ 44% of the inclusive B — X, ¢ i, spectra for my < 1.55 GeV
II. Inclusive b — uf D, measurement using the full BaBar dataset

Tension between inclusive and exclusive values of |V,;| remain:

/S T AR 0_5?‘mm_H‘Hl‘\‘/‘iw”w”w?
T b—u Mass Spectrum E - ubl Inclusivevs Exclusive 3
. —nn, pw 0.3 ” B E
2 0| | T e Inclusive E 4 El
c | £ / E
=) 0.1/ '/ E|
g I= E "\ — E
= 3 E \ I E
5 ,b:,W _O.lg \\\\ ,/ // CKMFitter E
< —03E N T ¢ ESEe v 3
; . ; S—- - Bo Xyl v ;
0b.;""H"""H“H"H.“H“HJLH _05E. el b 1
0 05 1 15 2 25 3 35 4 -04-02 0 02 04 06 08 1
my [GeV] I3

Inclusive |Vyp| from [arXiv:1112.0702] from GGOU with ¢°> — my fit with E[" > 1.0GeV is compared with the

combined B — 7 £ Uy data-lattice fit from slide 10. The CKMFitter result is from Moriond 2012 result

Future plans at BaBar : tagged B — plig; B — hh{D, with h = p, K, pi, ...
Studies for a better understanding of exclusive b — ¢ ¢, background.
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Flavor sector of Standard Model (SM):

L= \%WI o] v* Ve df + hec.

Vg couples Weak and Mass eigenstates

Vid Vs Vb
Vekm = Vea Vs Vo

Vie VsV

Vekm VCKMT =1 — 6 triangle equations, e.g.

Unitary triangle: V4 Vu*b + Vig VJ) + Vg VC’Z =0

A.a Motivation

Complex phase of Vcyy: (p + i7])

5
[CKMFitter Moriond 2012 result]

Semileptonic b — q decays:
-

Characterized by:
7 = (pg — Px)> = (pe + P’
my: Invariant hadronic mass

6: Angular variables

Decay rate for b — ul y:

2
dr o< [Vy? x A%, 0)]" da? do (dmx)

my-Spectrum: Inclusive vs Exclusive states

R B R m man B
Ton b-u Mass Spectrum

@ — N0, pw

£ --- Inclusive

5 ~ - Hybrid incl.

g

5

<

0;;'muwuwu.m‘f":-r- Ll
0 05 1 15 2 25 3 35 4

my [GeV]

= "Hybrid" simulation of b — ul Dy
= Amplitudes can be predicted using QCD; fairly inde-
pendent approaches for Inclusive vs Exclusive
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A.b Experimental Methods

Reconstruction of g*: Isolation of signal decays:

2 2 — * — 2 k2.
9" = (pg — Px) AE = Eg — Ejopy MES = 4/ Efcam — PE

T T 2 T T T
(a)

2
= (p¢ + Prmiss)

o
>

> >
3 3
. >3
— Tagged: full or partial reconstruct second by 5
B-meson: $ 04 S 4
—(E _3 5 H
PB = Btag® ~ PBtag & o2 ﬁ
1 . . 2 Q
Incl.: px from Y over recoil side particles 2 2
o = = i 0 0
Excl.: px = pp from h =, ... candidate 0.1 0 0.1 520 5.24 5.28
daona AE (GeV) mes (GeV)

— Untagged: average over unknown direction
of B-meson using beam constraints 2
(5. B22) = px + e + P ™ = T(4S) rest frame;

or pg + missing 4-momentum p,ics of event. .
Ejearm beam energy

Loose neutrino reconstruction: Other Backgrounds
(used in untagged ) ete™ — qq cuts or NN; validation with off-resonance
Infer neutrino kinematics from missing 4-momentum: e e~ — bb cuts or NN; validation with sidebands

(Eniss: Priss) = (Ebeam Poeam) — > (Eis Bi) — Semileptonic b — ¢y

. 50 — 500 x more abundant than signal decays
sum runs over reconstructed particles from all

charged tracks and unmatched calorimeter clusters my > 1.85; lower lepton energy endpoint
in event.
) ) ) Measurements in phase space regions where
Missing mass squared MM< = EZ.o — |Bmiss| b — ¢ strongly suppressed or forbidden
2 : .
— MM '/(2_Emlss) ha's better resolution 5 — inclusive decays: model dependence due to
> Multivariate techniques (NN); cut; or cut(g”) unknown parton distribution function
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0.5

B.a New inclusive | V| gallery

|Vub| Inclusive

B

ADFR

CKMFitter

-Myxi E>1GeV 3

=

<170Gev

=

05
0.3
0.1

-0.1

|Vub| Inclusive

B

BLNP

CKMFitter
q*-My; Ei>1GeV

B e

O‘

2 04 06 08 1
P

02 04 06 08 1
14

|Vubl mnelusive

DGE
CKMFitter CKMFitter
o -Mx; Ei>1GeV G-My; E>1GeV
-Mx<170Gé\/ Mx<17DGé\/
H\HMHMHMH NN IR AR
0.4 .2 04 06 08 1
p p
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0.5

0.5

B.b New inclusive |V,;| gallery

|Vub| Inclusive

B

ADFR

CKMFitter
-My; E>1GeV

e

=

05
0.3
0.1
-0.1

IVubl Inclusive

o~ My Ei>1GeV

B o

0

02 04 06 08 1

-04-02 0 02 04 06 08 1
14

|Vupl inclusive

o-My; Ei>1 Gev
E>1Gev

=

05
0.3
0.1
-0.1
-0.3
-05

IVubl Inclusive

o~ My Ei>1GeV
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7

02 04 06 08 1
14

21/21



