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Charmless semileptonic decays
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strong interaction
- form factors ' X=m1mn,p0,0
+ Different experimental techniques: Tagging of second B
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B — nlv

Lets start with the easiest (experimentally and theoretically) ...

| opt | P | o
Had. tag imit | v | v | V
Sl. tag limit | v | v
Untagged v | vV | vV | V




B — nfv untagged

(. Reconstruct neutrino from full event: )
(ﬁmlssa EITHSS) — (ﬁbemnsa Ebeams — Z Pi s Z F; )

» Extract signal yield in 12 g2 bms fr'om fit to AE vs. mgs distributions:
\ AE=E,—\s/2 my =+s/a= 15, ¢ =(pz—p,) =(p.+p,) y

T P VTR ¢ <2 cov: PRL 98, 091801 (2007)
i 20 i "*‘?ﬁ
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Semileptonic tags

r ) (Decay modes: )
« Tag one B — D™RXv, look for signal decay in recoil [ RO N n_e\,}

« Extract signal yields in unbinned fit to cos?¢g in 3 g2 bins| ||+ B* — n%v
4 ) * B* - niv
* \*B" —ntv J

. i& 0805.2408 [hep-ex]
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Hadronic tags

(. Tag one B in hadronic decay A [Decay modes:)
» Know kinematics and flavor of signal B [ BO — n‘fv}
. B* 5 70
* Extract signal yields from M? .= M2 distribution B* — mv
: _ * B9 — pHv
9 in 3 g¢ bins y CB* s pOly
"’ B* — wlv y
il =4 Presented at ICHEPO8
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B — nfv total branching fraction

stat: 5% syst: 4%
(1.34 + 0.06 + 0.05) x 10

B (B"-»nl*v)=

BABARSLtag:B ™~ — 11" v x 21,/T
LEL+ 028 +0.135
BABAR B..

+ 5
P o——

whagB = 11T vx 21/,

1544041 %021 ——

BELLESLtag: B * — n°1* v x 21/, :

145 +0.26 +0.15 "

BELLEB,  tag B - 11" vx21/t,

124 +0.23 % 0.06 e New

BABARSLmg:B = w1y |

138 021 + 007 —.— -

BELLESLtag:B ° =1 1*v :

138 £0.19 £ 0.14 "o

BABARB,_ _tagB = ml'y

1.07 £ 0.27 £ 0.15 ——

CLEO untagged: B — m1™ v 5

137 £0.15 £ 0.11 il

BABAR untageed: B — 1™ v ,‘-;"-u‘unTagged

146 +0.07 + 0.08 P e

BELLEB__tagB° = m 1*v

.12 £ 0.18 + 0.05 ks New

Average: B’ = w1t v :

134 + 0.06 + 0.05 *>

Jidof=35/9 (CL= 94 %) HFAG
L T M |

-2 0 2

BB’ w1 v)[x10]

Belle had. tag (preliminary) New
[B (B—mtlv)= (1.12 £ 0.18 £ 0.05) x 10* ]

B (B—n%v)=(0.66 £0.12+0.03) x 10*

Babar sl. tag
B (B'>nf*v)=(1.38£0.21£0.07) x 10*
B (B*—>n*v) = (0.96 +0.15 £0.07) x 10*

Untagged measurement still
dominates the average
(Gs’rm‘ o = 5%)
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‘Vubl from B — nlv

Light-Cone Sum Rules (LCSR) | Consistent with new LCSR result:
Ball-Zwicky q° < 16 P. Ball, R. Zwicky Duplancic, Khodjamirian, Mannel,

Unquenched Lattice QCD
E. Gulez et al. Phys.Rev.D73, 074502 {20086),
Erratum-ibid.D75:119906,2007

FNALq” = 16 Unquenched Lattice QCD
362+ 022 +0.63-041 T Okamoto et al., Nucl. Phys. Proc.
Suppl.140:461-463, 2005

- Quenched Lattice QCD
A. Abada et al. Nucl. Phys. B 619
{2000) 565-587

HPQCDq" > 16
340+ 020+ 0,59 -0.39

APEq’ > 16
IOH5 022+ 1L40-0.65

| | | | i i I | i I I
0 2 4 4 (Theory lags behind experiments
lvubl [ 107] 6|V b|/|V bl P ~ 5O/

u u

ké‘>|Vub|/|Vub| 0~ j 17j (e.g HPQCD & FNAL)

J

 LCSR, unquenched and quenched LQCD give consistent results |

* Experimental q* data are used to improve form factors (several methods)
8



q° dependence & form factors

- Several FF parametrizations to extrapolate LCSR and LQCD to all g*:
( cg(l — a)

2 _
J+(q )|BK - (1-— /mp. ) (1 — ag?/m%.)

Becirevic-Kaidalov (BK)\

f+((12) |BZ _ " 4 2 Ball-Zwicky (BZ)

1 —q¢*/m%.  1—aq¢?/mp.

t) = 1 = (t t. k Boyd/Gr'inSTein/Lebed +
\f( ) P(t)(t.to) kgo 2 (t0) (%, o) Hill/Becher (BGL) )

r"::-"i.L

] %

* Measure FF shape with data:

AB(g?) / 2 GeV?

20— ] o = 0.52+0.05+0.03

- All 3 ansdtze give good fits to data

- Exp. data can at present only
constrain one shape parameter

Unfolded ¢° (GeV?)



The z-expansion fit
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(= q2= by = ('TTEB + 'ﬂ?fw)g, i = (-mB = -mﬂ)gj

BaBar 12-bin data

linear or quadratic or ... :

?

NolL L1

Simultaneous fit of lattice and BABAFR F_ data
y¥idaf =045
T " T ©* T ©* T "™ T ©™ 1

4 parameter z-4i
¢ laitice data .
« 12-bmBABAR data rescaled by [V | from 2-parameter z-fit

%f:} NH {
1 ] mﬂ fﬂﬂi

R Jack Laiho (ICHEPO8) 1 ]

1 1 1 1 ] 1
nu&]-ﬂ-E I'J-ﬂ]- -ﬂl -ﬂl |:| |:|.1 o E 03

z

LQCD prefers quadratic fit

- Need more precise experimental data (esp. at high g2 ... difficult!)
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The other pseudoscalars: n, n

Why study higher-mass states?

» Help to further constrain theoretical calculations
- Cross-check [V,,/
 Measure composition of B—X v

T pt | p° ©®
Had. tag | v/ v | vV | V
Sl. tag v v | vV
Untagged | v/ v | vV |




B— {nnitv

BABAR untagged 20003924 [hepex]l o pap o 1qq 08022408 [hep-ex]

347 fb! I 348 fb
02 < AE < 0.4 Qv mes > 5255 GeV ; "J'r"ﬁ'_'
> oo F - _ %50 B(BT — nfTuy)
&% 5544105 & 700 | s
& soo | ™ oo | 40,
P i I so0 - :
el gawf T\
§ a00 [ = 300 F 201 i3k
Tk E 200 f ;
321 “ 100 F % T [
0 515 52 525 353 "4 oo o os N R R S B T TR VRN TR TR
M (Gel) A E (GeV) cos?d_
)
(B(B+ — netv) = (0.31 £+ 0.06 £ 0.08) X 10—4) (B(B+ — ntr) = (0.64 + 0.20 £ 0.03) x 10~

(B(B+ — netv) < 0.47 x 104 (90% C.L.))

+ 2.6 ¢ disagreement with CLEQ's B(B* — n'¢*v) = (2.66 £ 0.80 £ 0.56) x 107"

» Gluonic singlet contribution to B — n®) FF (n: 3%, n: 20%) A C—

Muf\\\l
- Constrain by measuringR,.. = B(B — n'¥v)/ (B — niv) J Om\”/'

Ball, Jones, JHEP 0708, 025 (2007)

- Need simultaneous n, ' analysis (untagged) 12



The vector mesons

Had.tag | v | Vv

limit

Sl. tag v | vV

limit

NSNS

Untagged | v | v/




B — plv

stat: 6% syst: 6%

5 (B°—»pL*v)=(2.80+ 0.18 + 0.16) x 10

CLEOuntagged: B = p 1"y
2.69 041 £0.63

CLEOuntageed: B — p 1% v
293 £037 2037

2.14 2021 £055
BELLEB__ tag:B° = p1*v
256 £046 £0.12
BELLEB__tg:B* = p°I'y
339 2043 £0.13
BELLESLumg B — p I*v
217 2054 £032
BELLESLtmg:B* — p°1*v
247 £043 £033

Average: B ° — p 1t v

2.80 +0.18 +0.16

HFAG

Yldot=3.6/6 [CL: 58 %)
| 1

BABAR untagged: B® — p 1" v

untagged

New

New

%

sl. tag
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4

BB =0 1*v)[x 10

Events /0.2 GeV?
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¥ Data

p i e ME ®
[ ulv crossfeed
65+12 I Other backgrounds g 50[-
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0 1 2 3 4 5
Missing mass squared (GeV?)

Missing mass squared (Ge\lz)

Very clean had.-tag measurements

@igges’r problems for untagged pfv:

* Need kinematic cuts (e.g. py) to
suppress large bkg
- model dependence

+ B — X, v bkg. very similar to signal

\9 large syst. error

14



B — wlv

* Narrower resonance,
but: ® — ntnt® 3-body decay - more combinatorial bkg.

* BaBar untagged: (not g% dependent)

s 0808.3524 [hep-ex] ~02 < AE <04 G&V mEs > 5255 GeV
!’ 347 fbt 8 B e | 3 0 [B02E113
A e other B Decays N 200
E DB X. Iy >
i g =0
g &
200 5
o ] £ 100
{g 100 : O 50
1] 1]
L | 213 52 2.2 533 - | 45 | ] 0. 1

mg, (GeV) A E (GeV)

( BB*—ol*v)=(1.14+0.16 £0.08) x 10* )

- Belle had. tag (prelim.):

3 > & Presented at ICHEPOS
BELLE 605 fb-! + 4
(H B'—wf'v)=(1.191£0.32 £0.05) x 10 )




B — p/o form factors

__LCSR (Ball & Zwicky).

* Three g?>-dependent form factors, e.q. V, Ay, A,
 Goal: Measure in bins of 4 kinematic variables °

q ewe o, X (angle between decay planes)

; 0.2 —— BT EE L b
+ LQCD (Ape et al.) at high q

q’[GeV?]
("« How can we simplify fit to full 4-dim decay rate? )
- Integrate over some angles?
- introduce FF ratios (as for D*2v) ?
\ ° How do we extrapolate to all ¢? y
g 2| P* | 2 ook @aive g o %E&m«nsm * Measurements still too impr‘CCiSe to
£ £ — validate FF calculations vs g2
- * For full 4-dim fit, need improved
| ——— v e L high-statistics (untagged) analysis
T T e 0 or e ® with > 10 000 signal events 16



Conclusions & Prospects for ~ 1 ab-1

* For B — nlv, untagged approach will remain the most precise.
Had.-tag analyses need ~ 5 ab! to reach comparable precision.

Extrapolations of B® — n*€v measurements: Today — lab!

.

» Caveat: Untagged analyses are starting to be syst. limited.
For large fraction of the bkg, € and h come from different B's

~> measurement depends on description of inclusive B decays

Nignai Oprstat(’%) | Oreysi(e) | Orexp(%) | Oyup, exp(7)
Had. tag 59 — 100 16 — 12 4 3 17 — 12 9 -6
Sl. tag 150— 430 15 > 9 5—-4 16 — 10 8 -5
r

\

17



Conclusions & Prospects for ~ 1 ab-1

(" - Possible improvements: )
- Better track, photon recontruction (v recol)
- Better knowledge of B — X (v res. and non-res. BF's, FF's

- Constrain combinatorial bkg from wrong-sign samples (n+, p+)
\ or M, 4 sidebands (n, ', )

J

* For higher-mass states, esp. p, tagged methods will (soon) give
the most precise BF measurements

* Form factors:
- fagged methods won't yield enough events for competitive FF fits

- B — w: discriminate between FF calculations
(e.g. HPQCD and FNAL)

- B — V: Expect ~8000 p*+p° and ~2500 o for 1 ab-! (untagged)

- Some information on the three FF's or ratios of FF's,
but probably no full 4-dim. fit



