Semileptonic decays of
B and charm at BaBar

%

Arantza Oyanguren
(IFIC — CSIC/U. Valencia)

On behalf of the BaBar Collaboration

PLANCK 2016
Valencia, May 2016




Outline

® Semileptonic decays at BaBar

e Excess of B—>D™¥)tv_events
[PRL109,101802(2012), PRD88,072012(2013)]

e New decay mode B — D¥)xtnfv
[PRL 116, 041801 (2016)]

e D’—>me*v and implications for V
[PRD 91, 052022 (2015)]

® Conclusions
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Semileptonic decays

Tree level processes, involving CKM matrix elements
— provide crucial inputs to indirect searches of new physics

New Physics can be shown in inconsistencies of measurements and SM
predictions:
— Decays with t leptons, since the coupling ~ m,m_tan?$3

— Disagreement between CKM matrix elements
— Violation of Lepton Flavor Universality, with differences in decay widths for
the various lepton types (larger than phase space and helicity suppression).

Remarks:
* Important to control form factor contributions describing QCD effects
(information from the charm sector very useful)
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Semileptonic decays

Present situation:

R(D™) =I'(B—D™)tv)/T'(B—D*)/v)
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Semileptonic decays at BaBar

Asymmetric e*e” collider operating (mainly) at the Y(4S) energy (10.54 GeV):
— 426 fb! from 1999 to 2008 ~470M BB pairs

BaBar (1999-2008) /  Very good tracking performance, calorimetry
S e 1 and detector hermeticity

BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb

/.4 — allow full decay reconstruction and
1 missing energy determination of B decays
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Excess of B—>D*)tv_events
[PRL109,101802(2012), PRD88,072012(2013)]
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Excess of B—)D(*)rvI events

e Experiments can Access the R(D) and R(D*) ratios:

I3 —= B(B — D*r~ 7, Signal:t —> /v ,v_
B(B — Dt~ my) B(B — D*(~wy) Normalization
l=e, 1

Several systematic and theoretical uncertainties cancel
— D™) reconstruction / Particle ID /tracking efficiency
— |V | & Form Factors (partially)

e Sensitive to charged-Higgs effects, dependence on (tanf3/m,)

— SM
SM predictions very precise: tanf/my. =03 GV

tanf3/mpyg4 = 0.5GeV !
wer tanB/my = 1GeV 1

R(D)¢,,=0.300 + 0.008

— 2: r
T : o, 2
* - - L Sy Y L
R(D*),=0.252 + 0.003 3 15 e
:::J 1F ."'. 1:_
Based on HQET form factors: g K _
[H. Na et al., PRD 92, 054410 (2015)] =0T A AN LR
[Fajfer, Kamenic, NiSandizé: PRD85, 094025 (2012)] 0"'21" BT ""12 s

and experimental measurements (HFAG) g2 (GeV?2)



Excess of B—)D(*)t'vI events

® B, fully reconstructed into hadrons

e B,,.: D*) and lepton (u’, €)

Uy
h LD
N 519,‘ W 2 _ _ _ _ 2
- W L ﬂ Mpiss™ = (pe+e- Patag"Pp= pﬁ)
‘>§_ . Btag - % m_"[h — Signal
v w—— Normalization
5 "{{b; — DEEhy
. . . . . ) 1 r we Comb. + Cont.
e Signal signature: larger missing mass m_....%, 5
o 200~
and lower / momentum B
£ 100F
e Signal, normalization and background samples: = : 7
2D unbinned ML fit m_; 2-p*,, yields for: 16V Mgy (GeV?)

B —(D°, D*, D*?, D**)tv_ (signal)
B —(D° D*, D*9, D**)/*v, (normalization)
B —(DY, D*, D*°, D**)n%/"v, (bkg. control)
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Excess of B—)D(*)r'vI events

150
100 . .
e Main systematics related
50 . .
n to bkg (D** fitted in the
. B->D*In%v, sample)
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B — D*r 7. 888 4+63 11953 + 122 0.332 + 0.024 + 0.018 164 R(D) and R(D*) = -0.27

PLANCK 2016 26/5/16

A. Oyanguren

9



Excess of B—)D(*)rv1 events

e Comparison with SM predictions: B

R(D)g, g, = 0.440 £ 0.072 04

R(D),,, =0.297 +0.017 (2.00) a0

& o3l

R(D*),s,, =0.332+0.030 -

R(D*)g, =0.252+0.003 (2.70) -
Combined: 3.4c deviation from SM predictions 02 O'é}R(D) e

e The scalar helicity amplitude in the
Two-Higgs Doublet Model (2HDM):

an /- 2
my . 1 F me/my

The combination of R(D) and R(D*)
excludes the Type Il 2HDM in the

0 2 . . :
full tanf-m,, parameter space tanB/mg + (GeV_l)l
(with m,>10 GeV) tanp/m,..= 0.44 + 0.02 GeV-!

with a probability >99.8% tanl.’)/m,..i= 0.75 + 0.04 GeV-!
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Excess of B—)D(*)T'vI events

e Comparison with other results:

[Belle, PRD 92, 072014 (2015)]
[Belle, arXiv:1603.06711]
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LHCb PRL 115,111803 (2015)
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New decay mode B —» D¥ig*/v

[PRL 116, 041801 (2016)]



New decay mode B — D™t /v

e Large discrepancy found in the determination of the CKM element V_, using
exclusive and inclusive semileptonic B decays:

0.0060 T T

PDG 2014:

0.0055

0.0050

IV, | = (42.2+0.7)x103 (B —>X_ (V)

0.0045 inclusive

.0040

V|
&

V., | = (39.5 + 0.8)x10° (B —>D™) /v)

o0 [, exclusive

0.0030

0.0025

poozo v L v Ll w1
0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

cb

e D** Puzzle: Currently the sum of measured exclusive modes account by only
85% of the inclusive branching ratio

e Semileptonic decays with multiple pions may be an important
source of background in B—>D™)tv_ decays (and other semileptonic decays).

= Search for B >D*) it /v at BaBar
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New decay mode B — D™t /v

® B, fully reconstructed into hadrons

* B D*), lepton (u-, e) and two pions of .

opposite charge (n*, ') B

c-:'-
e Important cross feed between signal and .
tag due to the high multiplicity of B,

e Normalize to B —> D*)/-y B tag

K I
g 2 2F (B—=D"7"a (")

"7 BF(B—D""v)

e Background: - Fisher discriminant for non semileptonic B events
-vetoto B —> D*n/lv
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New decay mode B — D™t /v

o UML fit tO U = EmiSS - |pmiSS I) With pmissz pe+e- -thag-pBSIg

— Fit yields for:

B — Dnnl-v gm_ BaBar g qq bk ,BaBar

B - D*nm/lv §m- simulation| § * I irrulation
B — D*/-v i b

Other B events ¥ y

qq events B e viowty

e Large feed-down from B — D*/-v to B — D/ v, separated using U
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N(B — D*/v)=3236+ 74 N(B — D**/-v) = 5404 + 83
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New decay mode B — D)t /v

e Fitted B— D¥)xrl-v yields: S = significance
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New decay mode B — D™t /v

e First measurements of semileptonic B — D¥)x*rt-/v

e Results for the R™*)__ and BR’s using the PDG values for the normalization

Tt

for all the channels are:

Channel R % 10° B x 10°

Drtn v 71 £ 13+ 8 161 30+ 18 8 Observation
Dtnta (70 58 £ 18+ 12 127 £39+26 +7 Evidence
D“”zz:rf 14+7+4 80 £40 423 +3

D ntn (70 28 £ 8+ 6 138 394+ 30 + 3 Evidence

e Assuming isospin symmetry and several decay mechanism models

B(B - Dart~v)+B(B — D'arnt~0) = (0521007 02 %

— accounts only for 4-8% in the gap between the inclusive and
exclusive b — c/v branching fractions (~ 15%)
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D°—me*v and implications for V

[PRD 91, 052022 (2015)]



D — mev and implications for Vuw , :
1 q —(pe+ pue)

= (PD — p’;‘T)2

e The D°—>me*v decay channel:

dl’ G2 2
i Y Vol 03 (%) | £1(0%))

&%
< o
0000000
00000000

e Only one form factor: 7, (¢°) (m_~ 0)

_ . ¢ [GeV?]
f’}T ( 2) N Res(f+,D)D;"
Re{s; +.D\4 )= E , m2 q2
m; sz*" e D* ?J JP - 1- D
My 610) . are JP =1 states (—>Dm)

e Partially known: contributions from the D* and D*’ poles

e Can be related to the B—n form factor at the same E_, and allow
determination

PLANCK 2016 26/5/16 A. Oyanguren 19



D — mev and implications for Vub

e Partial reconstruction from 347.2 fb! of ete—cc events at the Y(45)
e D**—DOt* with the D°—rme*v
e Normalized to the D°—Kt* channel

e Use Fisher discriminant to suppress background from B events and other
semileptonic decays

e Signal events selected in om=mg«,-mpy, Sm =m (D%) — m(DY) < 0.150 GeV

E 309 [igndi] sidebana 1|~ sisebbndz || ~ 10000 candidates | - 1300 T
2 o data after first 4 50% baCkground (_‘.E “- non peaking
= o kinematic fit - — B :
A « data after final i - = B events
8= e selection = Il light + tau
% 2000 , i | = ,"é 1000 &
> L signa
= peaking | e Measure 2 ign
== non peaking - 2 — - 2 i 622
LB — BB i q - (pDO pTC') R
1000 — :‘33:. |||| Iight + tOU — - (pe+ + pv)2 500 ';'é-,;:
- | in 10 bins
0 C,E( .'E'j;:-: : ———— : , i 0 _._.__._____I:_T_‘._ e :I o
0.15 0.175 0.2 0.225 0.25 0275 03 0 1 2 20 3
0 0\ /v 2
m(D"m)-m(D") (GeV/c) 7



D — mev and implications for Vub

e From the unfolded g2 distribution:

80000 [——r—— —————
; | I | D>metv | e Normalization:
_?:60000 - 1 B(D® - n—etu,) |
? } | Rp = BDY > K—nt) 0.0702 £0.0017 £ 0.0023
“ 40000 |- { I - Using PDG for B(D—Km)
BABAR | 1 B(D" = 1m7eTv.) = (2.770+0.068£0.0924+0.037) x 10~
20000 T léjm‘olldled spectrum  { ]
| — Statistical error l ~ 08 _ —
L J o - I
’ 0 o ll T ; - 3 ;3 —. [B)iBCaC)rnctI?I:.Utan 506 i ’ BoBer ," |
- q:(Ge\*’l) >E 0.6 " _ p*andD* :E __data, z—expansion / /
e Extracting the form factor -

Becirevic et al,

. .. data, 3—pole
arXiv:1407.1019

it cannot be explained by the 04|
D* and D*’ alone —

— 02 .
Three-pole ansatz 02 F
[Becirevic et al , arXiv:1407.1019] | BaBar DPomety
00 | 1 — 2 5 - 23 00 1 2 s 23
.. q" (GeV) q” (GeV)
Normalization of the form factor:

|Vea|fT.p(0) = 0.1374 £ 0.00384¢at. & 0.00224y5¢. & 0.0009 0.




D — mev and implications for Vub

e Having measured dI',_, .., /dg? we can extract V,, from the relation between
the D—m/v and B—>1lv channels:

2 2 2
) - Mgy +m:—qg
Using Wy, =Vgp -V, = E/m_instead of g2 Wgp =
' ' 2MB,D P
2) From a phenome-

dr(B — z¢v)/ dw, (M, 2
At Wg=w,, = ' )
dr(D — zfv)/dw, |V, | (M,
nological model

1) From Lattice
— Assuming a constant ratio —> Three pole model on B—>7/v

of F5(w)/F'o(wy) Mpo= (7.4 4 0.4) GeV/c?
Vip| = (3.65 £ 0.18 £ 0.40) x 107° | |[Vip| = (2.6 £0.2£0.4) x 10~°
7 1 71
Experimental Form factor ratio=1.8 £ 0.2 Experimental

8u+ny couplings entering
in the residues
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D — mev and implications for Vub

e Comparison with other V , determinations:

Inclusive (PDG ‘14)

—(—
Exclusive (PDG ‘14)

——

—— LHCb (A,—~puv) [LHCb; Nature Phys. 10 (2015) 1038]

—i—
BaBar (3 poles) BaBar (charm) [BaBar; PRD 91, 052022 (2015)]
——
—— [Lattice (FNAL, MILC) + BaBar,Belle;
PRD 92, 014024 (2015)]
2 25 3 35 4 45
vV, x 103

- BaBar systematics of different origin, expected to be reduced by Lattice calculations:
— o f3(g?)/fy (g?) form factor ratio as function of E_ (or w)
[l
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Conclusions

e Semileptonic decays provide important tests of the SM

e At BaBar we have measured:

e An excess of B—>D*)1v_events

R(D) = 0.440 = 0.058 £ 0.042

More than 3o deviation from SM

R(D™)) = 0.332 + 0.024 + 0.018

e First measurements of semileptonic B — D¥)xtnt-/v

B(B — Dant~0)+ B(B — D*nnt~0) = (0.52204 10 )%

e The form factor for D°—>me*v

Vea|fI p(0) = 0.1374 £ 0.00384¢ar. & 0.0022yc. = 0.0009 0.

and Vub determination from the B—m and D—nt/v form factor relation,
using a different method to be compared with present results.
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