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Semileptonic decays in the B, Bs sector, measurement
techniques

The Vul, Vel puzzle

Bs production rate and semileptonic branching fraction

B—D™Tv and the two-doublet Higgs model
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Semileptonic B Decays

Semileptonic B decays give us a clear view of the b quark

inside the B meson

&) V) ! Decay rate depends on |Vuw| and Vel
W Leptonic and hadronic currents can be
b uc. disentangled

Tree-level decays "™ independent of
new physics

.

Inclusive decays

Large signal rate, high backgrounds %'/e

Total rate calculated with HQE
Need to account for non perturbative QCD

effects! & '&'f
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Exclusive decays (X=m,p,w...) p\
. X
Lower signal rate, lower backgrounds
Need Form Factors to describe the
decay process
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Semileptonic B Decays

Semileptonic B decays give us a clear view of the b quark
inside the B meson

T r . N
y Tree level decays " independent of new
V
H &’ ! physics
b T
> but T final states may be sensitive
mr Vel to charged Higgs exchange
\. J
( )

Inclusive decays 2
Large signal rate, high backgrounds %'/
Total rate calculated with HQE

Need to account for non perturbative QCD " 'd%‘;;é
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Exclusive decays (X=m,p,w...) p\
. X
Lower signal rate, lower backgrounds
Need Form Factors to describe the
decay process

.
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Measurement Techniques - Tagging

Purity

szg Bta
V- o) <T(4S) > 0

Y Dx
Bsig Btag
V - o) <T(4S)> @ -
£ {
Bsig Btag m
V- 0 <Y (45)> @ D"
E ™

Efficiency
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Untagged:
Only signal reconstruction
Initial momentum known
High statistics

\Sensitive to background simulation

efficiency =~ 2%
Semileptonic tag:
Reconstruct B—=DM)v
Full or partial reconstruction of D*

\

2V - incomplete kinematics

\. J

efficiency =~ 0.7%
4 : )
Hadronic tag:

Reconstruct B2D™Y (Y=K,m,...) in
~1000 modes
Closed kinematics, charge and
flavour are known




The |Vwl, [Veol puzzle

( . . . . )
Using various measurement techniques, we are confronted with a

puzzle: [Vl and IVl values from inclusive and exclusive

measurements are marginally consistent with each other

PRD 81, 032003 (2010)

. -3
Inclusive (42.1 + 0.6 + 0.8) X 10 ( 29 ]

Combined exclusive  (37.4 + 1.2 + 1.4) x 1073 discrepancy

PRD 74, 092004 (2006)
PRD 77, 032002 (2008)

|vub|
arXiv: 1112.0702 [hep-ex]
Inclusive (4.31 + 0.25 + 0.16) X 1073 { 280 J
Combined exclusive (3.13 + 0.14 + 0.27) X 1073 discrepancy

PRD 83, 032007 (2011)
PRD 83, 052011 (2011)

(Wha’r is the source of the discrepancy? Experiment? Theory? Bo’rh?)
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Bs Semllepfonlc Branchmg Fraction
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1.2 A/Y(‘*S) Hadronic production rate Inclusive rate measurement above
; the Y(4S) resonance:
- | Y(5S) BABAR
, r preliminary 10.56 GeV (open B threshold) to 11.2
0.6

GeV (short of NAv threshold at 11.24):
=140 points with a
total =4.15 fb-!
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® mesons abundant in Bs decays, compared to By:

V X [ B(Bs—DsX)XB(Ds—®X)%15% (PDG2010) |
A B, §5<:D B(B—®X)~3.43% (PDG2010)
Xl S<CD Bs—DslvXi—=®PlvXz = 1.3% (same Bs)
D X/ B—=DIvXi—=dlvX2 = 0.1% (same B)
X —Ds | BolVX: & Bo®X = 1.4% (different B)
( )

The inclusive yield of ® and ®+lepton in Bs and By
decays can be used to measure the BsBs/BB production
rate and the Bs semileptonic branching fraction

. J
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Bs Semileptonic Branching Fraction

We measure number of events, ® yield, and ® yield in correlation
with a high-momentum lepton as a function of CM energy

Hadronic event rate

[ Ralfse, + (1= fo)en])

Inclusive ® rate

(RulfoesP(BB, — 6X) + (1— [,)esP(BB — ¢X)] )

Inclusive ®+lepton rate

| Rolfsc} P(B.B, — ¢£X) + (1 - f,)eseP(BB — $¢X)]|

_ Np
Rp = o(le"e”™ — ByBy) /oyt - fs = -
q:%;i,s qa-—q nt S NBu —|— NBd —I— NBS
& are efficiencies estimated from MC
P(BB—®(1)X) are probabilities that a ®(l) is produced in a BB event
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Bs Semileptonic Branching Fraction

For each bin in CM energy, ® candidates are reconstructed in the

®—K*K- decay mode

r = . - )
BB—®dX candidates BB—®dIX candidates
~N ™ T T T | S T LN B S B B LA B N B S B ~ v T — —r— Y Y
§ ; .‘ ] § 35:_1 T T T T I_:
2250 : BABAR E s | BABAR .
w | preliminary : o 30 preliminary e
S I i 5
c £ F .
S . 8 ) - :
w150} : & 20 4 -
i : 150 -
100~ B - : .
- 10 + =
50— C ! | [ .. | .
Olob o b L L 0511 .-—TIH+1‘11++?&1 1]
098 1 1.02 1.04 1.06 1.08 1'1K*|1:)12c; 1‘;}42 098 1 1.02 1.04 1.06 1.08 11 112 1414
m(K'K) (GeV/c?) m(K*'K) (GeV/c?)
Invariant KK mass in the bin 10.8275 < ECM < 10.8425 GeV
\_ Yy

Fit PDF is a Voigt profile for the signal and the product of a linear
term and a threshold cutoff function for the combinatorial background

(

Continuum e*e"—qq background is subtracted, bin by bin,
using data below Y(4S) threshold
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Bs Semileptonic Branching Fraction
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be related to the equations showed
earlier, noting that unknown quantities
can be estimated

.

- N
Now we have a measured rate that can

J

Buwd contributions are measured in
data taken at Y(4S)

fs is extracted at each energy point
from number of events and @ vyield

" B, contributions depend on known |
quantities, such as:
BF(Bs— DsX),
BF(Bs—1vX), BF(Ds—1VvX),
| BF(D:o®X), BD:—®lvXn)

" Finally, a X2 is constructed from |
measured and expected values of
P(BsBs— ®IX), and minimized with
respect to BF(Bs—IvX)

\. J




Bs Semileptonic Branching Fraction

-
02—~ N
fs : : BABAR - f, = B
0.15; ) - _+ preliminary - NB -+ NBd -+ NB
005 1+ T + _:\( Bs production rate compatible with
:i_‘ Lo '-f-'+ j earlier estimates at Y(5S) peak:
0+ 1 + + —
-0.055- + + + E Belle: (19.3 + 2.9)% (mo 76, 012002 (aom))
C 806 o7 os d08 11 d12 CLEO: (16.8:2.6+6-7_3,4)%CP&D 75, 012002 (zoon)
Ecu (GeV) \
\.
5 55 g
X 5°EF BABAR
453r preliminary
( BF(BS_’IVX) = 9.5+25 5 _19 % J 40;\
35/ | -

Dominant systematic is from inclusive Ds yield 4 |
per Bs: 0.93 + 0.25 (Belle and LEP, PDG2010) 25f \

l
L Jll 1Ll JlLlllL'JlL 11| JILJIIL JLL 11'

200\
arXiv: 1110.5600 [hep-ex ) -
C [hep-ex] 15 \_
accepted for publication by PRD-RC 40E e
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Br(B, — 1 X) (%)
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http://arxiv.org/abs/1110.5600
http://arxiv.org/abs/1110.5600

B = D™ TV

Semileptonic B decays to T are not as DTV measured with 3.8 0,
—

well known as to e and [ D*Tv with 8.1 ¢
(. . : . ) T~
Their branching fractions can be affected W_/H_ .
by new physics - the two-doublet model L’ v
of Higgs sector introduces free-level b < ¢ (%)
interactions with a charged Higgs ) B{ q q }D

A quantity where many theoretical and experimental
systematic uncertainties cancel is

if mptanB>>mc and mu?>>q?, the

( )
(*) rate depends only on:
R(D™) = S5~ D7) dl' _ dTsy 2 94
B(B — D®){v) i dg (1 —mp tan® §/mi)
\_ J dFSM ,
— 10 (1 —gs)

Standard Model predictions:

R(D) = 0.31 + 0.02 Nierste, Trine, Westhoff (2008) (g5 = m% tan? 3/m?%)
R(D*) = 0.252 + 0.013 Chen, Geng (2006)

12 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches



B—-D® TV
( N
B tagging with full reconstruction of one side

in hadronic modes: Cc
. B2D™Y, Y =nm+ mm® + pKs + qK \

mes = \/Eggam o pEQ
Requirements on:

( )
Signal side: D™) candidate reconstructed in 11 modes,

with D—=KK, D—Knm (n=1,2,3)

candidates have e or y in final state: primary for
normalization (1v), secondary for T decays (3V)
no additional particle detected

.

to discriminate against e, 4 from normalization modes:

(QQ = (Bmiss + E£)2 — (Pmiss + PE)Q) anmiss = invariant mass of missing E and a

peaks at O for normalization modes,
>1 GeV? for signal

Signal region is >4 GeV?

Boosted Decision Tree (BDT) used to suppress combinatorial,
continuum e*e-—qq and B—D**|v backgrounds

13 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches



B - DM 1V

signal samples at low m?miss

: ~ o _§ )
(4 main channels: D°, D*, D*O, D**) 3 3 wf m < LOGEV?, D
S § )
2 g -
Unbinned ML fit of m?niss versus s A 100f
p*| distributions % R
. . ’% p*| % | m2__ < 1.0 GeV?, D¥
Simultaneous fit to signal and 8 = o}
: : S S [ BABAR
special D**-enriched samples : § ™ peeliminary
o w
=
(D**-enriched samples: B*D‘*)nolvj — -~
to determine feed-down . M2 miss (GeV2)
D**_enriched samples
. (
10 parameter fit to 4 signal < 20 p N | £
D*lv -
channels + 12 parameter fit to g 10 "By | 8
D™ control channels R :
5
. . N\
Simulation used to fix the ”,\ -
. . . 2 Q
relative yields of continuum, B < z
combinatorial and charge S £
v e
- =
. cross-feed background |
\ mzmiss (GCVZ)

14 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches



15 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches

r “ <
Fit to B—D*Tv ;
samples ]
\. J 2
W Druv R
W D*tv >
M Dlv S
B D*]v «
WD**ly 3z
--Bkg. :
[68)
mvzniu(Gevz)
isospin constrained
D*0 D*+
Nsig 511 + 48 220 + 23
Significance 11.9 12.1
R(D¥) 0.314 + 0.030 0.356 + 0.038]0.325 + 0.023
J/

Events/(96 MeV)

Events/(96 MeV)

BABAR

preliminary

100

<120 GeV?, D¥

10<sm?

miss

0.5 1 15 2
p*, (Gev)

10sm?,_ <120 GeV?, D**

.

"Both charge modes

\

reconstructed with
high significance

J




BABAR

preliminary

’(% ook é.: 10sm?,_ <120 GeV?, D°
Fit to BoDTV 2| g ™t
samples g s 2 sof
i |
o- %
" Drtv
W D*tv _ ,\
M Dlv > Z 601
W D*]y o = |
B D**]y & & sl
--Bkg. % % i
S A 20
- i
%
m2, . (Gev?)
isospin constrained
DO D+
(ﬁrs’r >50 observa’rion)
Nsig 226 + 39 139 + 21
Significance 6.2 7.5 9.6 Background
overestimation for
R(D) 0.422 + 0.074 0.513 + 0.081|0.456 + 0.053 M2miss > 5 GeV?
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B - D™ TV

Systematic uncertainties:

(Curren’rly, the variation of BDT cut domina’res)

Tight BDT cut: 50% of nominal sample N R(DM) changes due to statistical
Loose BDT cut: 200% of nominal sample and systematic effects
50% sample nominal 200% sample
a 3 a [ & 200 :
L BABAR | 3 100 BABAR | 3 BABAR
% 60: preliminary % I preliminary % 150 preliminary
e f e | S 100
g g g
@ 20f R @ sop NSNS
0 0 5 0 5 0 0 5
m'zﬂi“ (GCVZ) mfzni« (Gevz) mrznin (GCVZ)
“3 LD+ BABAR ‘:rg, L D+ BABAR E of D* BABAR
% 40 ! preliminary o 40+ preliminary b n preliminary
“ i ot . 9 6oF
e | e S
E 2 § 2l g 4of
> - > . - -
m L [44] i m 20: T
0 0‘—- 5 0 '0— 5 0' ! -6’ s B
m2, _(Gev’) m2,__(Gev?) m2,_ (Gev?)

Assign half of the variation as uncertainty:
9.5% for R(D) and 6.5% for R(D*)
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B —

D*) T v

Mode Nsig Nruorm Esig/enorm R(D(‘)) B(B — D(‘)TV) (%) 2ot (Zstat)
D7 v, 226+ 39 1433 + 46 2.13 £ 0.06 0.422 + 0.074 £ 0.059 0.96 & 0.17 £ 0.14 5.0 (6.2)
D*°t v, 511 £ 48 6839 + 90 1.36 £ 0.02 0.314 £ 0.030 £ 0.028 1.73 £0.17 £0.18 8.9 (11.9)
DYr v, 139 + 21 704 = 29 2.19 £ 0.08 0.513 = 0.081 £ 0.067 1.08 &0.19 =0.15 6.0 (7.5)
D*t"r v, 220 +£ 23 2802 + 56 1.25 £ 0.03 0.356 £ 0.038 £ 0.032 1.82 +£0.19 £ 0.17 9.5 (12.1)
Dr v, 368 £42 2140 £+ 54 2.15 £ 0.05 0.456 £ 0.053 £ 0.056 1.04 £0.12 +=0.14 6.9 (9.6)
D*r v, 730 £50 9639 £ 107 1.33 = 0.07 0.325 = 0.023 = 0.027 1.79 £ 0.13 = 0.17 11.3 (17.1)

SM Aver. (HFAG)

BaBar 2008
042 +0.13

Belle 2009
0.60 = 0.16

Belle 2010
035+ 0.11

BaBar 2011
0.456 = 0.077

===@— Preliminary

Full consistency with
earlier BaBar results

04 06

0.8
R(D)

SM

ISoSpin constraine

Aver. (HFAG)

BaBar 2008
030 = 0.06

Belle 2009
047 +0.11

Belle 2010
037 =007

BaBar 2011
0325 = 0.035

*

a

Preliminary

03

04 05

06

this result is not included in the average R(D¥)

all channels observed
at >50 significance
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232M BB

657M BB
657M BB

471M BB

(1.8 O deviation from J

SM




B - D™ TV

SM prediction obtained with old Recalculate it using the latest
measurements of Form Factors measurements (HFAG, PDG 2010)

p%p = 1.18 + 0.06, p%p* = 1.20 + 0.05, R; = 1.43 + 0.06, R, = 0.82 + 0.04

mc/mp = 0.30 £ 0.02
R(D)sm R(D*)sm
Hwang, Kim (2000) 0.278 + 0.042 0.256 * 0.014
Chen, Geng (2006) 0.301 £ 0.017 | 0.252 %+ 0.013
Nierste, Trine, Westhoff (2008) 0.31 + 0.02 =
Tanaka, Watanabe (2010) 0.302 + 0.015 -
Our prediction (after Tanaka, Chen) 0.310 + 0.008 0.273 + 0.002

gs = mp tan® 8/my

S _ . ;-\ _
EQZ 0.8~ R(D), =0.310 = 0.008 BABAR a 04f RD*), =0273x0.002 BABAR
R(D) =0.456=+0.077 preliminary a4 - R(D*) =0.325=+0.035 preliminary
exp exp

0.6 035}

0.4 0.3

0.2 025}

! ) : : | :
0 2 B 6 0 5 10 15 20
g g

Uncertainties found varying these parasme’rers, and taking RMS of ensemble for each gs
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B - D™ TV

We find the compatibility of our measurements with the charged Higgs
model combining the results in a X2

(R(D), R(D*) compatible with SM at ~2cr)

( gs values incompatible between R(D) and R(D*))

dashed line: 20 exclusion probability

g 100}~ , = 100 R ]
= ll ) >
= | Exclusion for = " Exclusion for ..
e | | )
'é f | R(D)=0.456 = 0.077 E R(D") = 0.325 £ 0.035,
g 50 | £ sof-
g | 1 g
- BABAR | SM excluded at 1.9 o % | SMexcludedat 1.50 | BABAR
5 - preliminary \' Most likely g, = 6.3 < Most likely g = 139 \ / preliminary
. " — ) 68 —— . P \ —
% 5 10 5 20 G 5 10 15 20
g g
S
ooy « —
g 100 BABAR § 100 BABAR
preliminary preliminary
50 50
‘W Excl. at 20 o Excl. at 20|
B Excl. at 30 B Excl. at 30 |
i ——————————————— | IR —— s . 4 ¢4 . . . 3 . . . 4 . . | IR
% 800 1000 % 200 400 600 800 1000
my; (GeV) my (GeV)
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B - D™ TV

Very similar results are obtained if we combine measurements from
Belle and BaBar

(Belle: R(D) = 0.422 + 0.095, R(D*) = 0.397 + o.ose)

® 100
§ ] Exclusion for
g | R(D) = 0.444 + 0.062
% 50_—
=
2
3 BABAR SM excluded at 2.10
5 - preliminary Most likely g = =6.2
% i i i i 5 i i M A 10 M M i " 15 L i i " 20

tanf}
S

50

BABAR
preliminary

) 200 400 600 800 1000
m,, (GeV) ‘
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" Exclusion for
- R(D*) =0.334 £ 0.030

wn
=
o

| SM excluded at 2.0 &

Exclusion probability [%]

. BABAR
- Most likely g = 144 preliminary
% M " M M 5[ M M M N 110 N N s N 115 " " . i 20

tanf3
3

”
preliminary

- Excl at 3o
400 600 800 1000
m,, (GeV)




B - D™ TV

7

Check compatibility between R(D) and R(D*), taking
correlations info account: the possibility of both results
agreeing with SM predictions is excluded at 3.40

\_ Y,

§ L JRaen-—
o :
Z !
o
g. -
=] 50 -
= :
17
=
52
- " SM excluded at 34 o BABAR

- Most likely g_=6.7 preliminary

4 " 4 || 2 M 4 1 " L 2 1 3 4
00 5 10 15 g20 00 200 400 600

BABAR
preliminary
Bl Excl. at 30
800 1000
my (GeV)

The two-doublet model of Higgs sector is excluded at 96% level
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Conclusions

BaBar continues to probe the SM with the wealth of data
available

IVuwl and |Vl values from inclusive and exclusive measurements are
marginally consistent with each other

BaBar has measured the production rate and semileptonic
branching fraction of Bs mesons

BaBar has updated its B=DX™ TV measurement, with the first
observation of B=DTV with a significance >50

The results show a 20 excess over SM, and are not
compatible with two-doublet Higgs model
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