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Motivation: the UT triangle
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Angles and sides have been
measured by B factories:
measurements consistent
with the SM picture.
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Precise measurements of the sides and the angles of the Unitarity Triangle are important:
any sign of new physics will show up as openess of the UT.

Left side of the triangle VuaVap _ Vb 1
chd C>I(<) chb tan 190
Vb ] ~ 2% Vo] ~ 8% — improve V,, measurements
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Semileptonic B decays

« Semileptonic tree-level B decays provide the cleanest environment to study V
vV

Parton level / -~ * simple description at parton level
14 SS * leptonic and hadronic current decoupled
b S
ch? I/ub\\ c,u
G 1vrog2, 05
', =I'(b - uwlr) = Vu
G2 —u ~ —
3

Vo mi (my, — me)

Fhad — Fquark(l + QCDCO’I"T)

* Sensitive to strong interactions in B meson

* Tests of QCD models e.g. lattice QCD
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Semileptonic decays: Exclusive approach

Reconstruct a charmless semileptonic decay

g d0(B — ml0)  G%|Vi?
/- dgq? 2473

prl?| f4- (g

=

q* = mxz/v = (P, + P,)?

Ty 0,151 5w

Respect to the inclusive approach:

* lower signal yields (typical BR ~ 10™%)

* better background rejection

* Form Factors F(q°) to describe the hadronization
process u — m,p,... :LQCD, Quark Model

* Measurements as function of g°

Inclusive and Exclusive approaches rely on complementary theoretical frameworks

A. Petrella - VI Meeting on B Physics 5



Experimental methods

Untagged

* Only signal reconstruction

Bsig‘ ftag * High statistics o
va= 2 o=T(45)>e + sensitive to background simulation Efficiency

14 ~10%

Semllepfomc tag

Baig Biag »Reconstruct B — D*)¢p 1%
va— > o=r(4S)>e & —» 1 *2viincomplete kinematics °
14
i Hadronic 'rag ~0.3%
Baig Brag Reconstruct B — DWY (Y =7, K )
U <— o <Y (45)> @ * several decays mode
, * closed kinematics, charge and flavour known
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B — wfv untagged

PRL 98, 091801 (2007) 1

) - -1
v reconstruction: (ﬁmiss; Emiss) — (ﬁbeams; Ebeams) — (2177,7 ZEZ) 206 fb

AE = E} —\/5/2
' Signal yields measured in 12 q° bins from fit to (AE,mg.) distributions
0 < o < 16 GeV? 16 < o < 26.4 GeV? mgs = \/3/4 - |p>kB|2

2 700F [ B—xlv signal

gauu B b—ulv kikg a) 2 2

S [ other BE bkg q¢" = (pB — Pr)
; 001 I continuum bkg : t

* data

Events /0

523 525 527 529 819 521 523 525 527 529

mes (GeV) me, (GeV)
c) 350 — d)

300F

B->X.Iv

medium q° region

2501

200

150
100f

5072 + 251 signal events
over full ¢° range

0.5 1 - 0.5 1
AE (GeV) AE (GeV)

B(B — 1~ {v) = (1.46 4+ 0.0754q¢ £ 0.084,5;) x 104
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B — m,p, n(/)fu

untagged

PRL 99, 041802 (2007) |

15.5 fb™

* reconstruct Pmiss — PCM — E Pcharged — § Pneutral

* signal lepton 1 < py < 3 GeV/c

Xu — Woaﬂianapoapian(/)aw

0 — mmy,n(yy)r

* reject events with multiple leptons (multiple neutrinos) and with |AQ| > 1

* Yields extracted with fits to AE, mps

q- [GeV7] cos bty

B [10-7]

BY w7t 0-2 “1-1
2.8 ~"1-1
¥-16 ~1-1
= 16 -1-1

all phase space

B — pfte 0-2 “1-1
2.8 ~"1-1
5-16 0-1
= 16 0-1

= B “1-0

all phase space
all phase space
all phase space

B — pity
BY . gty

0.13 + 0.07 £ 0.02
0.27 &£ 0.08 £ 0.03
0.56 = 0.09 £+ 0.05
0.41 + 0.08 4+ 0.04

1.37+0.15 +0.11

0.45 + 0.20 = 0.15
0.96 + 0,20 £+ 0,29
0.75+£0.16 +0.14
0.35+ 0.07 £ 0.05
042+ 0.18 = 0.31

2903 +£037 =037
044 £0.23 £ 0.11
2.66 + 0.80 + 0.56

* missing momentum reconstruction dominates syst. error

3 rt{y and n®{y

|

J —

t optly and p" 2y +

88823338

-
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r

Events/100 MeV/c

BB’ - 7 ¢Tv) = (1.37+0.15£0.11) x 10~*
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B — nlv,wlv untagged

) 347 fb*
0808.3524 [hep-ex] |

w— mta 7% BR(~90%)
n — nta—nY BR(~23%)

* no q° dependence

* cuts on leptons and reconstucted hadron momentum
to suppress background

* NN employed to separate signal from continuum and cham bkg

n — 2y BR (~ 407%)
Yields extracted with mgc-AE fits

w |
3
o 7
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n combined |

20 mps > 5.225 GeV
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8
L=

]

AE (GeV)

]

-—0.2 < AE < 0.4 GeV

S

5.1 5.15 52 5.25 53

S/B~0.2 (n), ~0.5 (w)

Ny = 802 + 113

B(B — wlv) = (1.14 4+ 0.16 £ 0.08) x 10~ *

leading syst. err. B(B — X, v) ~3%
B(B — X Av) ~2%

Nyig = 554 £ 105

., B(B — nfv) =(0.31£0.06 +0.08) x 10~*

leading syst. err. B(B — X, fv) ~9%
B(B — X.v) ~8%

continuum bkg ~12%
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B — (777777 U’)ZV with Semilep’ronic tag PRL 101, 081801 (2008) |

/DO —~ K 7" DY > K ntnt
. . . . _ DTt SN KO +

* tag side: full hadronic reconstruction of a D*) J D°— K ntrtn s
D’ - K ntqx® D*F = DOt Dt 0
D’ — Kgﬂ+7T_ *0 _ 0.0 N0

candidate D paired to leptons |p¢| > 0.8 GeV/c - D D ™, D™y

2EgEy — m% — mé Y = DMy
cosbpy = ST
PB||PY| |cosOpy| <5

- signal side: lepton [p¢| > 0.8 GeV/c with right charge for a decay B — P/lv

* no additional tracks or neutral clusters allowed p— = N—=77 R S o

* signal yields extract with unbinned
maximum likelihood fit to COS @B in 3 ¢ bins

cos? Opy + 2 cos-y cos 0By cos? OBy

cos® pp = —
sin” ~y
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B — (m,n,n')¢v with Semileptonic tag

PRL 101, 081801 (2008) I

plot: full g° range

50 + 22(a) -

B(B® - 7 ¢*tv) = (1.38 £0.21 £ 0.07) x 10~*
B(BT — 7%"v) = (0.96 £ 0.15 £ 0.07) x 10~

; _l combining results with Isospin relation

. ‘ B(B® — 7~ ¢Tv) = (1.54 +0.17 4+ 0.09) x 10~*

n' 0.6 +3.99

events f 0.8

14 16 18 20 a 8§ 10 12 14 1l& 18 20

B(BT — nfTv) = (0.69 £ 0.20 £ 0.30) x 10~*
B(BT - n'tTv) <047 x107* @ 90% C.L.
disagreement (2.6c) with CLEO results

Ball, Jones, JHEP 0708, 025 (2007) |

0
gluonic singlet contribution eﬂ@
0000

B —n" FF 20% (3% form)
Propose measurement of R,, = B(B — n'tv)/B(B — ntv)
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B — mwlv, pfl/ with Semilep’ronic '|'C(9 Phys.Lett. B 648:139-148 (2007) I

253 fb™

2 nx* 2 n* * * *
(cos® 0%, + cos= 0%, — 2cosfp coslOp, cosbi,)

2
Th :
sin? 07,

binned maximum likelihood fit
to (2%, Mx) plane

T3 : 7T mass region I : p mass region

50
M, <0.18GeV/c’ I £ 45f0.8<M,<1.0GeV/c’
155.8 + 20.0 + :g 929+194 +

Events

=)
(=)
T T T T
[ %)
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35
plots: full ¢° range a o
o ] 20 +
@ 60F i 15 i 15 —\—
40 = 1 10 : 10 L= H |—|-,—. ey
ther Xoly — ot el e N e
OLheT Ay tV /uﬂ/fﬁﬂ.dfﬂ.ﬂﬂ.ﬂ 1 1.21.51 D—E 1.5 -1 0.5 0 0.5 21 D—E 1.5 1 -0.5 0 0.5 21
BB M, (GeVic?) Xg L
w300 —— 1 ) e ) e
3‘-‘ - B'tag 1E 45FM,<0.18GeVic 514D:ﬂ.ﬁ-;mx«-;'l.m3ew£:
Modes ¢ region (GeV?/c?) | Branching fraction (x10 4) . 35 690+ 11.4 - 100t 135.4+248
BY = 1ty Total 138+ 0.19 + 0.14 £0.03 | o 80}
> 16 0.36 £ 0.10 £ 0.04 £ 0.01 ; 20¢ 60}
< 16 1.02 +0.16 + 0.11 £ 0.03 j:: 40}
Bt — 70ty Total 0.77 +0.14 £ 0.08 £ 0.00 5 _ 0
> 16 020 £0.08+£0.02£000 0565655508 1 1214 %2 5 4 08 0 05 1 T A5 A 050 05
<16 0.57 £ 0.12 + 0.06 £ 0.00 My (GeVic) Xg
B = p ity Total 217+054+ 031008  BF measurement dominated
Bt — 'ty Total 1.33+£0.23 £ 0.17 £ 0.05

by statistics: can be improved with more data
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HCldr'OHIC 1'(195 presented at ICHEP0S 1

* neutrino is the only undetected particle

P2 s = (Prs) — Preco — Pxu — Pi)> = m;, peaking at O for signal events

M1Ss

. spectrum reconstructed with fits to the mg. variable for each bin of m?

miss
0 —pt 0
I B+ ~ 7T0€+ Y w— 7t pr—mtn
Q.D BT — 7T_£ 14 ﬂ-O . 2,}/ ,00 N 7T+7T_
B = p ¢ty
605 fb* | BT — p%¢ty , . :
N N yields extracted in 3 ¢° bins:
BT = wtiv q° < 8 GeV?, 8 GeV?< g < 16 GeV?, 16 GeV? < ¢
L 40 il:fh “% 50 é::h
gﬁ_ﬂ 910 | g Ouner poekgrouncs | 2| 4919 BN Otver packgrouncs ‘
:éao: ‘3;40_—
L . T B(B — wtov) = (1.12 £ 0.18 £ 0.05) x 104
E " B(B — 7%v) = (0.66 £ 0.12 4 0.03) x 1074

leading systematic uncertainties
FF (2.8%)

1 2 3 4 o
Missing mass squared (Ge\fz)

-1 0 1 2 3 4 5

mssing mass sauared @ev) - normalization (1.4%)




Hadronic tags

presented at ICHEPOS8
¥ Data

p+ S o 6D 0 M pl 4 . - | ¥ Data
0 ulv crossfesd 0 ulv crossfeed 30 &
su: — 65112 I Other backgrounds 50 80+10 B Oltharbacltgrnllnds @ 2548 [ ulv erosstead

I Other backgrounds

Events / 0.2 GeV®

Eventa / 0.2 GeV*
h
{4 ]

Events / 0.2 GeV®

2 3 4 5
Missing mass squared (GeV?)

1 2 5
Missing mass squared (GeV?)

B(B — ptlv) = (2.56 +0.46 +0.12) x 10~* all measurements limited by statistics
B(B — p°4v) = (1.80 £ 0.23 £ 0.07) x 10~*

B(B — wlv) = (1.194+0.32 £ 0.05) x 10~*

Missing mass squared (GeV™)

B — X, v decays are big source
of systematic errors
for p* channel (1.1%)

: P+ I . mn (Ballog) ? " Data
- ISAW2 i o t:::;“"m

Need more statistics to
validate FF calculations

dr /dgiT,, [10™]
&
|

dr/dqmr,, [10°]
n
|

0.5 i

0 I I ! ! + | |

¢ & W s 2% % 5 10 15 20 25
q?(GeVicl))

o (GeVIE) || B Physics 14



B — wlv, plv summary

B(BY — m ¢*v) = (1.34 £ 0.06 = 0.05) x 10~ *

Ostat - 5% Osyst - 4%

BABARSLtag:B " — n°17
.81 £ 0.28 +0.13
BABARB,tag B~ — T 1" vx 21/1,
154 + 041 021

BELLE SLtag: B * — n°1* v x 21,/1,
145 +0.26 0.15

BELLEB,  tag:B ' — 11" v x 2t /1,
124 +0.23 +0.06

BABARSLtag: B> 1*v

138 021 + 0.07

BELLESLtag:B " = " v

138 £0.19 £0.14

BABARB__tngB >
1.07 £0.27 £0.15

CLEO untagged: B — wl™ v
137 £0.15 £ 0.11

BABAR untagged: B — 1wl v
146 + 0.07 + 0.08
BELLEB__tagB® = m 'y
1.12 + 0.18 + 0.05

Average:B° s w1y :
1.34  0.06 + 0.0 *>

v 2T /T

0" M+

H—;—.—H
u—;*—u
I—"E—l
——

My
1" v :
H—i—

——

yidof= 359 (CL= 94 %)

HFAG

ICHEPOS |

-2 0 0 2 s
BB - w1 v)[x10 ]

B(B? — p ¢tv) = (2.80 £0.18 £ 0.16) x 10~ *

CLEO untagged:
269 041 £0.63

CLEO untagged:
293 £037 £0.57

214 £021 £0.55

BELLE B__, mg
2536 046 +£0.12

BELLE B___ g
339 £043 £0.13

2,17 £054 £032

247 £043 2033

Average: B ° —
2.80 +0.18 +0.16

HFAG

BABAR untagged: B® — p1* v

BELLESLmg:B® — p 1I*y

BELLESLmg B* — p°1*v

yidot=3.6/6 [CL= 58 %)

B —=plty

B =plty

—_—

B = p 1ty

Bt = p' 1Ty

pItv

0

2 4

BB’ = p 1'v)[x10"]
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'Vup| measurements

[1]: Fermilab, hep-lat/0409116 and
HPQCD (PRD73:074592)

[2]: Ball & al. PRD71, 014015 (2005)

[3]: PRD52, 2783 (1995)

* Need theoretical predictions for the form factors (available for = so far)

) :\/

AB(B — tv)

- @—»AC—/2

07— -~ - - - -

ib

— ISGW?2
— Ball-Zwicky

: Fermilab
HPQCD

L1 1l

1

Ll llJlLlLl'

_Illl.ll'Ll

dB(B” = m1*'v/dg IV P (ps /GeV?)
=
|

T 15 20 25
q* (GeV)

dr,

UL ()P

mzn

different FF calculations available:

Lattice QCD

Quark Model [3]

Light Cone Sum Rules [2]: for q° < 16 GeV?

for g° > 16 GeV?

HPQCD uses non relativistic QCD to describe
the b quark: agrees within the error with
FNAL/MILC collaboration

Uncertainties on FF are due to normalization f,(0) and g dependence
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FF q° parametrizations

[1]: J. Bailey et al. arXiv:0811.3640 1

FF shape can be constrained with data measurements

BaBar untagged analysis

AB(q?) / 2 GeV?

20
18
16
14
12
10

N R 0 @

a=0.52£0.05%=0.03

X

—h

<
o

T g e

— BK Fitto DATA
* DATA

&

5 10 15 20 25
Unfolded g (GeV?)

ISGW?2 incompatible
(Prob < 0.06%)

A. Petrella -

VI Me

Se-04

4 p—r—r—

0.035 |

003

0.025

Prosf+

002

0.015

0,01 L

12-bin BABAR data
N L I B L B BN L B
-- 2-parameter z-fit
— 3-parameter z-fit

L
04

v?/d.o.f. = 0.59
||||[1]|
— simultaneous 4-parameter z-fit
O Fermilab-MILC lattice data
¥ BABAR data rescaled by |Vig| from z-fit




|V, | values

LCSR

Ball-Zwicky q° < 16 (3.6 D 16
334 £ 0.12+0.55-0.37

Unquenced LQCD
HPQCDq > 16

Phys.Rev.D73, 074502 (2006)

59 17 Erratum-Ibid.D75:119906,2007
3.40 + 0.20 + 0.59 - 0.39 - ( b E :
ENAL q°> 16
3.62 + 0.22 +0.63-041 . (6'1 © 17
— . 11% H J. Bailey et al. arXiv:0811.3640 ]
HFAG
I S B S IR All the theoretical calculations
0 2 4 provide consistent |V | values:;

3
Vil [ 107] There is large room for improvements

A. Petrella - VI Meeting on B Physics 18



Compatibility with inclusive and UT fit

-3
0.5510— — 60

Exclusive determination
Y — |- e | (HFAG B(B>mlv) +
L 5 | LQCD FF calculation)

Exclusive determination Inclusive determination
(fits of improved lattice | V.| = (3.96 +0.27) 10°
+ 12 bins BaBar Data) i, | i

J. Bailey et al. . i (660V)
arXiv:0811.3640

______________________________________

0.8025 0.003 0.0035 0.004 0.0045 0.005

Vub

|V, | indirect determination from UT fit: (3.48 + 0.16) 10

|V,,| indirect determination from CKM fitter: (3.50 *°* ,,,) 107
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* B(B — wlv) measurements performed with different approaches at B Factories
all consistent; untagged most precise

* More data useful to constrain the q° form factor dependency (but untagged analysis
are becoming systematically limited)

e |V, | still limited by Form Factors uncertainties

» Latest fits with unquenched LQCD calculations are pushing down the total |V, |
uncertainty to ~ 11%

* Exclusive determinations are in good agreement with UT fit
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ADDITIONAL SLIDES
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FF q° parametrizations

Extrapolation to full g° range provided by different parametrizations:

cp(l — ) :
—2/M2 )1 —a@/M2) v r, @

fitted from data

Dominant pole shape: | f+(¢°)|Bx = :

2 o 1 r2
f+(q )|BZ T 1 _QQ/MQ* _|_ 1—Oéq2/M2* [2]
. L 1 -

Series parametrization = f(3) — ar (t0)z(t, to)* 3

f®) P(t)gb(t,to); k(to)2(t, to) [3]
t=¢q* 2t t) = YL = Vi — o
7 \/t+—t—|— t_|_—t0

ty = (mp £ mg)?

[1] D. Becirevic and A. B. Kaidalov, Phys. Lett B 478, 417 (2000)
[2] P. Ball and R. Zwicky, Phys. Rev. D 71, 013015 (2005)
[3] C. Glenn Boyd, B. Grinstein and R.F. Lebed, Phys. Lett. B 353, 306 (1995)
also R. Hill, Phys. Rev. D 73, 014012 (2006)
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B-Factories: Luminosities

As of 2008/04/11 00:00

= T ]
> I BaBar
= - un 1-
'g 5001 PEP Il Delivered LUMINOSity: B53.48/fl) - wrrs e e rmsss oo oo, BC(BGI" @ PEP II
= — BaBar Recorded Luminosity: 531.43/fb —
= - BaBar Recorded Y(4s): 432.89/fb -
=1 | BaBar Recorded Y(3s): 30.23/fb |
- | BaBar Recorded Y(2s): 14.45/fb |
E 400 — Off Peak Luminosity: 53.85/f0 == . |
% : Recorded Luminosiy ]
= i Rocorded Lumincsiy (35 ]
3001— gﬁ“:;iid Luminosity VIZS) el |
D00 L _
ow i~ [
oL LLLEHHT Lt - ,“"”,“”"T""”’, T offresommnce T enerysem
T T O OO SO =
E e S S e =
B T e e =
R R S NS ——————— S A — =
2 - : .
B 5000 [ -
5 C ]
e e A =
g S SO OR SO’ 4SO SOSS S =
:,"7‘“ 3000 : ; : :
E 2000 S~ =
F B R o T se————e e -
[ | | . X | _
4/16/1999 117272001 52172004 12/872006 6262009



