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Semileptonic decays

« Atthe B factories, |V,| and |V | are determined from
semileptonic B decays

e “Old physics”: tree diagrams, no ‘pollution’ from New
Physics
* A precise determination of |V /V | Is crucial to be able to

observe deviations from the CKM mechanism due to
New Physics



Belle and BaBar
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 Atthe Y(4S), BB are

produced at threshold
This allows to

— Select a B signal using two
nearly independent
variables

|\/IB :V (EI:et.\m)2 o (2 Pi)2

AE = 3E, - Epr. \

— Determine the 4-
momentum of one B by
reconstructing the other

— Distinguish BB (spherical)
from continuum events
(Jet-like)
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Tagging
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Untagged
*Only signal reconstructed

*High efficiency

Semileptonic tag
*Good statistics, clean events

*Kinematics not fully
reconstructed

Fullrecon tag
*Kinematics fully known

e[_ow statistics

‘

Efficiency

—

Purity



V| from exclusive
semileptonic B decays

Vud  Vus  Vup
Vekm = | Vea Ves Ve

Via Vis Vi



Differential width

« Decay rate for B — DUlv

dl' — . G% 2 3 /9 1/2
E(B — D*ry) = @ch mp«(w” — 1)/ P(u)

—(B — Dfvy) = form factor

 Form factor parameterization based on HQET and
dispersion relations [Caprini et al., Nucl. Phys. B530,

153 (1998)]
« Experiments perform a fit to dI'/dw and extract F(1)[V |

and G(1)|V|



BaBar B — D* |* vV [Phys. Rev. D77, 032002 (2008)]
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V.| from B — D* |t v
| ch

HFAG 2008 average

F(1)|V,,| =(36.18 +/- 0.55) x 103

w2/dof. = 33.9/17
(CL=0.008%)

F(1) x IV, [10”]
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V.| exclusive (10-3)

Hashimoto et al.
[PRD66, 104503 (2002)]

0.919 +/- 0.033

39.37 +/- 0.60(exp) +/- 1.41(th)

Laiho et al.
[PoS LATTICE2007, 358 (2006)]

0.930 +/- 0.022

38.90 +/- 0.59(exp) +/- 0.92(th)
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B — D**lv

BR[%] HFAG ave. BO B+
D* 5.16 £ 0.11 6.07 + 0.29
D 217 +x0.12 2.27 £ 0.11
Dn 0.43 + 0.06 0.42 + 0.05
e TWO mysterie S D*n 0.49 + 0.08 0.61  0.05
Z Exclusive 8.25+0.19 9.37 + 0.32
. {(measured)

— Sum of exclusives modes ;g 10305028 1099028
does not add up to inclusive - e B
Inclusive

— Theory predicts that the - 1 ;
narrow D** states : =2 le=7
dominate, in contrastto ~ *°[ N .
the experiment 2 2l - L
[Bigi et al., | — J\/‘
arXiv:0708.1621] il

i y narrow
2.0 |- ALl v
' broad
LD L=0
1.8 PF . 2
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Events/20 MeV?/c*

Belle B — D** |v [Phys. Rev. D77, 091503 (2008)]

e 605/fb of Y(4S) data
 Full reconstruction tag
* Reconstruct D(*)xl on the signal side

=

B =Dy +

=

+ [ AE + M(D)-AE, M(D) sidebands
+ { [ ] Fakes, Feed down

m}MM%
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Signal window: |[Mv?| < 0.1 GeV?

20

Missing mass M; = (Pocams — Prag — Fa1)”
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Fit to M[D(*)rt*]

[
=]

Events£0 Mevis”
* [ %]
(=] [=]

Events/50 MeVic®

!\JCI

Mode Yield B(mode),% Signif.

Bt = D%ty || 102419 | 0.24+0.0440.06 | 54

Bt = D%ty || 94413 | 0.22+0.08£0.04 | 80

Dt B'— D £tw|| 61+£22 | 0204 0.07£005 | 26
< 0.4 @90% C.L.
BY - Dy #tv|| 68413 | 02240044004 | 55
BT — D¢y || —5+11 | <0.07 @ 90% C.L.
Bt - DYy || 81413 | 0.4240.074£007 | 67
Bt = D%ty || 35411 | 0.18+0.06+0.03 | 32
D*t B'— D¢ v | 4+8 | <05@90%CL.
B Difv | 2047 | 0.54+019+009 | 2.9
< 0.9 @90% C.L.
B' Dy ¢tv| 146 | <03@90%C.L.

Res

BO—D*Oxflv

e Contribution of broad
and narrow states is of
similar order




Brand new for Moriond '08
) L 11T B B R
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preliminary

BaBar B — D** |v

Moriond preliminary

D’,lv component
(6 sigma signal)

P | L+ 5 N " PR
n|1(|:r*' r:'}-'lzn[nf';iéewc;jﬁ

1, 12 .14 5
M(D" i M(D") [GeVic

Decay Mode | B (B — D**¢ i ) x B (D** — D"r) Y(BELLE) | BABAR Branching Fraction
D invariant mass fit
B~ — D" i 024 + 0.04 £ 0.06 0.28 + 0.05 + 0.04
B~ — D3% i 0.22 4 0.03 + 0.04 0.16 £ 0.03 4+ 0.01
B — Dyt i 0.20 + 0.07 + 0.05 (.47 4 0.09 4 0.07
B — Dyt 0.22 4+ 0.04 + 0.04 (.08 4 0.04 4 0.02
DY invariant mass fif
B~ — D iy = 0.07 @ anCL 027 £0.06 0.0 €
B~ — DVt 0.42 4+ 0.07 + 0.07 (0,20 4 0.03 4+ 0.03
B — D", 018 4 0.06 4 0.03 0.07 4 0.01 4 0.01
BY — DY i < 0.5 @ 90CL 0.37 £0.07 £0.05 g——o
BY — Df i, 0.54 4 0.19 4 0.00 0.25 4 0.05 4 0.03 13
B — Dyt < 0.3 @ 9nCL 0.04 + 0.02 + 0.01




V| from inclusive
decays B — X, | v

Vud  Vus  Vup
Vekm = | Vea Ves Ve

Via Vis Vi



Semileptonic width

 I'(B — X_lv) can be systematically calculated in the
framework of operator product expansion (OPE)

G2 m?
La(b—c) = —{92'5 ;H)

Vip|2 (14 Aew) AP (r, )

from [Benson et al.,
Nucl. Phys. B665,
367 (2003)]

P rm% ] r=mz(u)/mi(u)
mb M)

?'.?'Lb

O ... HQ parameters (non-calculable; contain soft QCD physics)

e At each order in 1/m, the expectation values of local

operator products (heavy quark parameters) are multiplied
by perturbatively calculable coefficients

« Other inclusive observables (moments) in B — X_ | v and
B — X, y decays have OPEs with the same HQ parameters
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Global analysis of B decays

« Dedicated predictions for each observable
o <EnI>EI>Ecut = 1:(n)(Ecut’mb’HQ param')
— <M >eieeu = 9 (EgyMp,HQ param.)

a <EnY>EY>Ecut: h(n)(Ecut’mb’HQ param')

« Determine HQ parameters by performing a fit to all
available moment measurements

e Avallable calculations

— Kinetic running mass [P.Gambino, N.Uraltsev, Eur.Phys.J. C34, 181
(2004); D.Beson, 1.Bigi, N.Uraltsev, Nucl.Phys. B710, 371 (2005)]

— 1S mass [C.Bauer, Z.Ligeti, M.Luke, A.Manohar, M.Trott, Phys.Rev. D70,
094017 (2004)]

Kinetic scheme 1S scheme
O(1) m,, m, m,
O(1/m?y) Uoo W My Ay
O(1/m3) Pps PLs P1 T13 16



Avallable measurements

S —

BaBar <E">:n=0,1,2,3 [PRD 69, 111104 (2004)]
<M2n,>: n=1,2 [PRD 69, 111103 (2004)]
<E">:n=1,2 [PRL 97, 171803 (2006)] and
[PRD 72, 052004 (2005)]

Belle <E">:n=0,1,2,3 [PRD 75, 032001 (2007)]
<M?2n,>: n=1,2 [PRD 75, 032005 (2007)]
<E™>: n=1,2 [arXiv:0804.1580] preliminary €¢q—

CDF <M?2n,>:n=1,2 [PRD 71, 051103 (2005)]

CLEO <M?2n,>: n=1,2 [PRD 70, 032002 (2004)]
<E" >:n=1[PRL 87, 251807 (2001)]

DELPHI |<E">:n=1,2,3

<M2n,>: n=1,2 [EPJ C45, 35 (2006)]

70 measurements in total
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V| and m,

Kinetic scheme (X lv+X.y data)

V.| = (41.55+0.43,+0.08 ;+0.58,) x 103
m. K" = 4.613 + 0.033 GeV
mXn =1.178 + 0.049 GeV

»2Indf. = 30.6 / (70-7)

1S scheme (X Iv+X.y data)

V| = (41.74+0.29,,+0.08 ;) x 103
m,1S = 4.708 = 0.024 GeV

w2ndf. = 26.1 / (70-7)
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V.| from exclusive
semileptonic decays b—u

Vud Vus I"W
VekM = | Ved Ves Ve

th Vis th



B — xlv

e Decay width

* Need form factor shape and normalization for |V |

e Avallable form factor calculations

— Relativistic quark models
« ISGW2 [Phys. Rev. D52, 2783 (1995)]

— Light cone sum rules (LCSR) in the region g° < 14 GeV?
» Ball-Zwicky [Phys. Rev. D71, 014015 (2005)]

— Lattice QCD in the region g2 > 16 GeV?
« HPQCD [Phys. Rev. D73, 074502 (2006)]
« ENAL [Nucl. Phys. Proc. Suppl. 140, 461 (2005)]

20



AB(q?) / 2 GeV?

BaBar BY — stI*v
Based on 206/fb

Untagged measurement; loose

requirements for neutrino
reconstruction

Measurement of the g?-
distribution

x10°®

20—
187
g BK Fit to DATA
25« DATA o\
u 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 I 1
OD 5 10 15 20 25

Unfolded ¢’ (GeV?)

[Phys. Rev. Lett. 98, 091801 (2007)]
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Belle B — mtlv

e Based on 497/fb
e Use of full reconstruction tag

m

B(B° — n={ty) =

(1.49 + 0.26(stat) + 0.06(syst)) x 10~*

B(Bt — n%tv) =

(0.86 £ 0.17(stat) + 0.06(syst)) x 10~

Events /0.2 GeV?
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BaBar B —> (ﬂj,n’n’)l\/ [arXiv:0805.2408]

« Based on 348/fb

« Semileptonic tag: reconstruct DOl and (;t,n,n")l
« Extract yield from fit to cos?¢g

events /0.5

Poge) sy, cor,

g - ;; g_ ??r (d)

& | B ]

B(B° - n=¢tv) = (1.37+0.21 £ 0.07) x 10~* 6:51 0.6+3.9
B(BT — %" v) = (0.96 £ 0.15+0.07) x 10~* ik J( ]
B(BT — n¢tv) = (0.69 £ 0.20 +0.30) x 10~* 4] +1
B(BT —»n'fTr) <047 x107° RS N2 RSP w2 - 0

wﬁpn coszn.pn



|V, | from B — nlv

Ball-Zwicky "2 < 16
3.38 £0.13+0.56-0.37
HPQCD g"2 > 16
3.47 £020+0.60-0.39
FNAL g*2> 16

3.69 021 +0.64-0.42
APE ¢*2> 16

372 021+ 143-0.66

PDG 2]098

BABARSLtag:B " — n° 1" v x 21/1, :

137 £0.34 £ 0.15 ——

BABAR B, tagB* - ®1' vx 211, |

154 +0.41 +021 e

BELLE SLtag: B * — 7°I* v x 211, :

145 £0.26 £ 0.15 e

BABARSLtag:B® S 1*v :

112 +£0.25 +0.10 —e—

BELLESLtag:B ° > I* v :

138 +£0.10 +0.14 . ™

BABARB,  tgB’—= 'y ;

107 +0.27 +0.15 “—e—3

CLEO untagged: B — wl* v

137 £0.15 + 0.1 4

BABAR untagged: B — w1’ v

L46 +0.07 + 0.08 >

Average: B > w I* v

138 +0.06 + 0.07 u

¥ildot=2.4/7 (CL= 94 %)
1 | 1 | | I | 1 : 1 I 1 PDGzloos |

-2 0 2

BB’ > 1" v)[x10"]

Experimental uncertainty ~ 4-6%

F.F. normalization uncertainty ~ 13-15%

4

IV, | [x107]
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V| from inclusive
decaysB — X, | v

Vud Vus Iv’*/
VekM = | Ved Ves Ve

th Vis th



Theorical calculations

Also based on the OPE, as for B — X_. | v decays

Experimental cuts to enhance X v and suppress X_lv
compromise the convergence of the OPE = need shape
function

(Leading order) shape function parameter can be determined
from B — X, y and/or B — X_ | v data

Available theory calculations

— Bosch, Lange, Neubert, Paz (BLNP) [Phys.Rev. D72, 073006 (2005)]
— Anderson, Gardi (DGE) [JHEP 0601:097 (2006)]

— Gambino, Giordano, Ossola, Uraltsev (GGOU) [JHEP 0710:058 (2007)]
— Aglietti, Di Lodovico, Ferrera, Ricciardi (AC) [arXiv:0711.0860]

— Bauer, Ligeti, Luke (BLL) [Phys.Rev. D64, 113004 (2001)]
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[Phys. Rev. Lett. 100, 171802 (2008)]
BaBar B — X v

Based on 347//tb
Fullrecon tag

Estm:_ . @ 1: ] M, <17 GeVi (<) _
gmf | AT —— (0= signal Mc b
: g [_]=Bkg MCb=c
10007 j‘_ _ B - Crossfeed signal MC
=) F = 1 I I |_:
B 2001 M, < 1.7 GeV/c* ]
g ] ]
£ 200} + - '
0 r ; ] _
lmf ju { ; I:)+—Ex'||:)x|
0 _
i t ]
-100f * JL|_r ;
0 % 5 10 15 20_ 25

g2 (GeV2/c?)

Mx < 155 GeV/c? /

Mx < 1.7 GeV/c?, ¢ > 8.0 GeV¥/c
Py < 066 GeV/e, AB = (0.95 £ 0.10s¢a1. = 0.084y.r. £0.01 1000, ) X102 27

B —_— (1.18 :I: D.Dgstat. :]: D-DTS}"St. :1: D.G].t‘hcg,) )'( 10_3
: .&B —_ (D.B].:I:D.Ggstat ﬂ:ﬂ.ﬂ?syst, :l:D.Dﬂthc;j‘ ) )'( 1[}_3



|V, 5| from B — X |v inclusive
GGOU framework

CLEO (E,) § HFAG Ave. (BLNP)
371 +043+025-0.39 399 +0.144+0.32-027 o
BELLE sim. ann. (my, q:) HFAG Ave. (DGE)

———h—————— 448 £0.16+0.25-0.26

4.16 £ 044 +0.33-0.34
AG Ave. (GGOU
BELLE (E.) HFAG Ave. (GGOU)

E 3.94 £0.15+0.20- 023 ——
4.56 £ 042 +0.23-0.31 .
; HFAG Ave. (AC)
BABAR (E,) 5 378 £0.13 £0.24 ——
- - - ettt
4.08 £ 023 +0.23 - 0.33 - B}
" : HFAG Ave. (BLL)
BELLE my : 492 £0.24 +0.38 d
3.89 + 026 +0.19 - 0.22 e BABAR (LLR)
BABAR m, 492 £0.32 £0.36 -
402+ 0.19+026-0.29 ’—"".—’_' BABAR endpoint (LLR)
: ]
- ’)L i 2 i &0
Average +/- exp + theory - theory : 28£0.29 £0.48
S L 5 5 ._._5_._. BABAR endpoint (LNP)
' 440 £0.30 £0.47 =

P. Gambino. P. Giordano. G. Ossola, N. Uraltsev
JHEP 0710:058.2007 (GGOU)

Yot = 5075 (CL = 41 %) : m m
| l | | 1 : | 1 | PDGI 2008 | | A | | rDG 2008

2 = 30 2 3 4 5
IV, [X107] IVl [Xx107]

Can we trust in the theory error? 28



Summary and outlook

e |Vl Inclusive

— consistency between different frameworks

|Vl inclusive (10-3)

Kinetic scheme

41.55 +/- 0.43(fit) +/- 0.08(t) +/- 0.58(th)

1S scheme

41.74 +/- 0.29(exp) +/- 0.08(ty)

e |Vl exclusive

— Certain tension with |V | inclusive
— New B — Dlv measurements might tell us more

F(1)

|V,| exclusive (10-3)

Hashimoto et al.

39.37 +/- 0.60(exp) +/- 1.41(th)

Laiho et al.

38.90 +/- 0.59(exp) +/- 0.92(th)

1.5 sigma

2.5 sigma
29



e |V,,| exclusive

— Form factor
uncertainty still large

— EXxperiment can help
by measuring F.F.
shapes

e |Vl Inclusive

— Why give different
calculations different
answers for |V | incl.?

-3 Exclusive
¥1U+ [ 6 O

0‘45 e ..-.;...... ............

04f
k

0%o3 00035 0004 0.0045 0.005
Antonio Petrella Vo
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Backup slides



The CKM mechanism

The charged current interaction in the SM

g ___
—Ly+ = 75 ULi v (Verm)ij dr; W, +hee.
Vud Vus  Vup [Kobayashi, Maskawa, Prog.
VekMm =

Ved Ves Ve Theor. Phys. 49, 652 (1973
Via WVis Vi / | ( )

Vg IS @ unitary 3x3 matrix;
It contains three real parameters and one complex phase

Its unitarity is commonly represented by the unitarity triangle

(p.m) V. VA
A — td " th
n &= V.V, T arg( vudv;‘b)
ud Hl; Vc"d ‘/“-J 8= = arg (_ Vch;E)
‘/c'cf ‘/c; B — q)]_ %dﬂz
v =3 = arg (— Vudvgb)
(0,0) (1,0) p VeaVi,




