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V| Determination

Limiting factor in CKM precision tests; known much less well than [V |
CKM suppressed V ,~0.1xV - therefore harder to measure

V .. @8% precision, dominated by theoretical uncertainties

L(b—ulv)
T(b — c/v)

How can we suppress 50X larger background?
How can we reach 4% precision on |Vubl? Election Momentum (Ge\V/c)



[Vub| Measurement

®m Cutaway b — clv Lose a part of the b = ulv signal

® \\Ve measure jI‘( B— X uZV)X fc = Vub 2@ Cut-dependent

_ constant predicted

by theory

B Must be corrected for QCD
-0 (OLS )_9%2 -\ '

T 2m;

2 2 3
G|V m,

192m°

= Main uncertainty (£5%) from m°> = +2.5% on |V |, correlated
between all measurements/experiments!

® But we need the reasonable fraction (e.g., E, > 2 GeV) of the rate.

I'B—=X/v)=
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Detecting b — ulv

Inclusive: Use m, << m_ difference in

. . _ El cut
kinematics S
« Maximum lepton energy 2.64 vs. 2.31 GeV ﬁ 2
+ First observations (1990) used this technique &,
o . . b= ulyv
« Only 6% of signal accessible
10 n G\)\_
. e
- Small theory error requires low Ejepton CUt b — clv ﬂ
- Small BG uncertainty requires high Ejepton Cut 05 1 15 2 25
Measure partial BR in a region where S/N is £, (GeV)

acceptable and that the width is reliably calculable.

Many techniques used:

Endpoint, Improved Endpoint, Simulated Annealing, SF factorisation, Full
Reconstruction tagging etc.
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Endpoint method
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Momentum (GeV/c)

Subtract offpeak data scaled to onpeak luminosity bin-by-bin.

Fit MC to data in low energy region to constrain B->Xc | v from data.

B-X Iv, B-DIv+B-D*lv (ratio fixed) B—X Iv, B—Dlv+B—D*lv (D/D* fixed)
B—D**lv, B»>D®)xlv (Goity & Roberts) B—D*lv D**/D+D* fitted (D, +D,)/D** fixi
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Electron Momentum (GeV/c)

Simultaneous fit for non-BB, B—X Iv, B-Dlv

B—D*lv, B-D**lv, B-»D®*)xlv, other BG

(PRL 88, 231803, 2002) | Belle 27fb":Ee>1.9 GeV| 8.47 £ 0.37, + 1.53, ¢

(PLB621, 28, 2005) BaBar: Ec > 2.0 GeV

CLEO: Ee > 2.0 GeV
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(PRD 73, 012006, 2006)
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5.72 + 0.47 (staty=0.65syst)

4,22 + 0.33stat + 1.783ys
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IVub| X 102
%A( exp -the. +the.)

4.61(x9.3 + 5.0 - 6.7)

4.13(+5.6 + 5.6 - 8.2)
3.77(x12. + 6.9 - 10.)

~25 % acceptance



Improved Endpoint methoa

Maximally allowed hadronic mass for given El & g2 can be determined:

max __ 2 2 2 2 . —
s'=m’+q’—2m (En+q°n l4E ), =2E >+g'n, n,=v(1xp)/(1FB)
max 2 2 2 . ~
s, =mgztq —2mB\/q , otherwise p~0.06
asf | | | | & .
; 1 BaBar (PRL 95, 111801, 2005 7\
20 . S PRL 97, 019903 (2006) Err) . 1@
T b = © AN e Data (BB)
915 E ; 12505— lﬁ'& O Signal MC
"=y | @ E * Background MC
; £ 1000F
L (] F -
st o 750 Ny
0 & 5000 "
E.(GEv) 2500 ,° <
Principal ingredients (BABAR): o= v,
o L b T b Ty T T TN e
. . - - - 14 16 1.8 2 22 24 26 28 3 3.2
1) pv_pmiss_(Emiss’ pmiss)__)(|pmiss ’ pmiss) E. (GeV)
2) * track & neutral selection > e Data (BB)
* Only one high energetic lepton ~ O Signal MC
* |ﬁmiss ) Emiss_|ﬁmiss ) Cosemiss’ COs chrust,e % BaCkground me
c
[}
3) Signal region: E* & s Max => B-X Iv suppression @

core |p,.|/0q2 - resolution: 0.32 GeV/2.5 GeV?2 .
* dominated by particle losses 8 10
* complicated by K , split-offs, etc. S (GeV?)
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ABR

Summary of

Errors in %

-ndpoint methods

Integrated c o
El cut Luminosities (fb-1) Uncertainties on BF (%)
Method onpeak offpeak El > 2.1 GeV El > 2.3 GeV
Stat Sys Stat Sys
El CLEO (PRL 88, 231803, 2002) 2.0 9.1 4.3 7.0 22.3 7.0 9.1
Belle (PLB621, 28, 2005) 1.9 27 8.8 5.3 12.7 8.5 5.9
BaBar (PRD 73, 012006, 2006) 2.1 80 9.5 5.7 9.4 4.1 6.9
BaBar (PRL 95, 111801, 2005
El-q2 ’ ’ 9.3 (>2.0 9.6 (>2.0
PRL 97, 019903 (2006) Err.) 2.0 81 9.6 GeV) GeV)
Systematics D-> Xs | nu B—-clv
Select non-BB FSR/Brem KL Neutral |B—- Xulv| D->e,mu | D->KL| FF |ExcIBR

El 6.8 2.4 1.0 1.1 <0.5 - 2.4 2.8
El-q2 - - 3.8 2.0 4.4 2.1 4.5 0.3 2.0

» Current data sets from Belle and BaBar have low offpeak/onpeak ratios.
» Prospect for stat. error <2.5% by relaxing continuum suppression techniques.
»B->Xc | v systematics have improved significantly over 5 years.
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B meson “beam’” method

Best access to kinematics with B meson “beam?”’
=) tag - charge - momentum

R
Breco
neutrino__
B, — Xtv
A g
x high ga.u.rity,
lepton low efficiency
Signal events have smaller My and P, —» Larger E, and g?
_. |01 B = [
CHR. 1< 0.06 < |
&g | 0075} : [ 04)
S f | 0.04 ,
“ 0.025 | 0.02) [ "I b—=u
— ,
0 bu' S R SUSUEE . S T OOHJﬂTﬂ R _
UNiveRsiTe ¥ .2 L3 8 0 18 20 0 e ey
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|. Signal side

Reconstruct high momentum lepton

No strangeness

N(K+, KY%) = 0 (KL cut used by Belle 2005)

Events / 1 MeV/c

Measurement technique

25000 (D
W< />

20000

15000

10000

5000

2. BEvent Level
20Q=0,
QBrecot) x Q(lep) = -1

Mmiss, etC

3. Fit Mc in bins of P+, My, @2

4. Fit to P+, M, @? with various background and
signal floated to determine background yield.

5. Measure relative BR to control systematics

Number of excess events Unfolding factor F

\ b—u

PDG

ABI‘(XulV) . Nb—)u F gﬁ'ec

&y

b—u

— Br(Xlv) N, e | &

sel frec

1
&

AN
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5.26 5.28

M, (GeV/c?)

Number of semileptonic events /

Ratio of efficiencies for b—u and s/

selection efficiency
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g? (GeV*2)

g? (GeV~2)

20
15
10

4

0051 15 2 25 3
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E, (GeV)

my < 1.7
m,<1.7,0°>8

P+<0.66

253 b

Selle tagged method

PRL .95:241801 (2005)

Ne NQ F N le
E 25000 - (a) E::: i rselggzl % (a)
= 20000 [ =) i . C
= Bl ] D
g 15000 | BELLE :;500 g + data
> 400 »
10000 -~ m300 %
200 | !
5000
100 - g
052 524 526 o T 2 F
M, (GeV/c?) M, (GeV/c?)
:E ~&150 | signal
= 500 (b) %125 L region N (b)
Z =
=R D ieme | §
+ data i
300 S
&
200
100
00 05 1 15 2 23 5
M, (GeV/c?) M, (GeV/c?)
|Vub| x 1073 BLNP Alvub|
%A( stat. sys. sf. th.)
4.70( £5.1+6.0+4.2+5.1) 10%
4.09( +4.6+4.9+4.4+3.7) 9%
4.19( +4.8+7.2+5.7+3.3) 11%
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~40-60 % acceptance
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Babar tagged method

E‘ 30001 (a) _’ g 60007 F My < 1.7 GeV/c (©)
PRL 100, 171802 (2008 , =11 [
1000 1 2000 . -
L —_ .
8 18300 T T T
= 1 & i
(=) — =) [
s3) 1 M| 4
1 200r -
1 100fF P+ .
C + * 1 0<+ ) + ¢
Background subtracted *® -000 O\ T H “““ TR
0o 1 3 4 5 TR S 15 20 25
M, (GeV/c?) P, (GeV/c?) q? (GeV?/ch
B(B-Xulv) x 1038 V| (1078
Kinematic Region ( ) [Vae] (107) Theory
A(stat. sys. th.) %A(stat. sys. th.)
427 (+3.7+3.0+7.0 BLNP
Mx<1.55 GeV/c? 1.18 + 0.09 = 0.07 = 0.01
456 (+3.7 3.0 £7.0) DGE
3.88(x49+41+£7.2) BLNP
P.<0.66 GeV/c? 0.95 +0.10 = 0.08 + 0.01
3.99 (+ 4.9 + 4.1 +6.0) DGE
457 (£5.0+ 4.2 + 4.6) BLNP
Mx<1.7 Gev/c? & 4.64 (£5.0+4.2 5.4 DGE
0?>8.0 GoV2/c? 0.81 + 0.08 + 0.07 + 0.02 64 (+5.0+4.2+5.4)
4.93(+5.0+4.2+7.3) BLL
UNIVERSITE CKM Workshop, Rome Sept 2008 Phillip Urquijo ~40-60 % acceptance
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Extension: Hadronic mass Moments

Measure hadronic mass spectrum over full Mx range
Mass moments related to mb, with mx? < 6.4 GeV?

LaspoF T T T TTTTTTTTTTTTTTL L Q4 T I T T T T T T T T TH
T F @] Bos 7 ArXiv: 0801.2985hep-ex
S2000F OB>XIv 1 & o3f BABAR -
s B Other 1 Xpos prelimnary 3 Mom Stat. Syst.
"}Jmm:— BiBir ] 2 155 Ts Unfolded i M1 1.96 +0.34 +0.53 GeV?
: preliminary 1 £ o1t PiLTL spectra 4 U2 1.92 0.59 =0.87 GeV*
500F 4 0.05F 7 U3 1.79 x0.62 +0.78 GeV®
S ] “Jr*‘f“’*****“* AN D UM U
271 6 8 10 1 1 0 2 4 6 8 10 12 14 1 \
m? / GeV? my/GeV: ™ 09 b \
Calculations of Gambino, Ossola, Uraltsev =. \\ \

JHEP09(2005)010

First measurement of m, in B— X, /v decays
(in the Kinetic scheme)

m, = 4.604 £ 0.250 GeV
compatible with Global Fit

s EREEECBREE
[/’
f
f/
J//,/
T
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Belle Multivariate analysis (NEW @ CKM2008)

The irreducible uncertainties in the measurements to date are related to limited phase space.

Solution: exploit the many non-linear correlations between kinematic and event variables available in B-

beam sample that separate b—u and b—c.

Boosted decision tree based selection, use ~20 event
parameters from the full reconstruction sample.

No need to place stringent, hard cuts that result in zero efficiency!

|. Signal side: Reconstruct high momentum lepton: piep® > |
GeV/c

2. Event Level: Q(Breco®) x Q(lep) = -1

3.BDT cut with many input par’s: Mmiss2, dZ, dr, Qcoral, Qlepton,
Nlepton, Q(B), D* partial reco etc.....

4. Combinatorial estimated from MC, normalisation from
sideband region. (same approach as Vcb moments analyses)

5.2D fit to My, q? with backgrounds and signal floated to
determine background yield.

6. Measure absolute rate.

UNIVERSITE

) CKM Workthop, Rome Sept 2008
DE GENEVE

xlO3
ﬂ T T T T T T T
qc, 100__ - B* data |
o LNCF
- M.R.
0555554 556 528 53
M, . (GeV/c?)
.9 1 L L L B
ch B~ data
200001 C . :
- M.R
40000 .
20000F .
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2
Phillip Urquijo M, (GeVic )/3

13



Belle Multivariate analysis (NEW @ CKM2008) 2/2

.'(B [T T T ﬂ [ 1 | — T T T
e | ; S B,
Foor : g > [ OB—=X_Iv |
L L s %00_ [CJSecondaries - ~1035 Evts
1500_ fb1 ] B gggnmt_t:na:grial _
- 604 fb oy
10001@ Z 1000f -
500F — -
i
S o e [ e IIIIIIIIYS,
O 1 2 3 4 ® 10 20 30
M, (GeV) q2 (GeV?)
2D fit in g2 mx. (projections shown)
Kinematic B(B—Xulv) x 108 Mp |Vub| (10-3) % error

Region

A(stat.  sys.)

Theory

Plepton > 10
GeV

1.96 x (1 +£ 0.088 + 0.076)

(kinetic) 4.613 GeV, 4.42 (+ 3.1 + 5.1)

mupi=0.440 GeV?

GGOU (thanks P.
Giordano)

(MSbar) 4.243 GeV 4.47 (x 6.7)

DGE (thanks E. Gardi)

~90" % total phase space, thus theory error less correlated to other Vub determinations

UNIVERSITE
DE GENEVE

CKM Workthop, Rome Sept 2008
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Errors in %

Tagged method Uncertainty Breakdown
ABR

stat Sys. MC stat | detector/other B—Xulv B-clv
P>1.0 GeV Det. Moc/es SF | Excl ss |Inc.| FF Excl BR
Mx/g2 8.0 7 4.3 3.8 5.2 241271 10 112106 | 0.8
PRL 100
’ M 9.0 7 3.2 1.9 3.7 09121 ] 16 109] 0.2 0.4
171802 (2008) X
P+ 10.0 8 4.6 3.9 4.0 1312215128104 ]| 0.7
Mx/qf2 10.0 8.9 8.9 6.2 5.3
Phys.Rev.Lett.
95:241801 Mx 9.1 7.1 71 6.1 2.2
el | (2005)
P+ 9.4 9.3 9.3 6.4 8.7
Belle Preliminary
CKM2008 BDT 8.8 7.6 4.8 361401 15 1.7

eDetector effects are better understood and no longer dominate.
«Selection often involves complex fitting techniques (Mes)
emore data improves fit convergence in mES method.
emore data will mean more detail in g2/Mx/P+ to account for!
eDominant systematics are in the modelling of signal and background contributions
*b->u | v (resonances, non-resonant contributions)
b->c | v (D, D*, D** very small)

Continuum error large in g°/Mx/P- analyses.

UN|VER§|TE CKM Workthop, Rome Sept 2008
DE GENEVE

KL cut powerful (used in Belle
Mx/P+/g? analysis) but
modelling/understanding needs
huge improvments.

Phillip Urquijo
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Weak Annihilation

Small contribution to B — Xu | v decays

b
Introduces difference between BY and B* decays. B 7
Tag with partial reconstructed BY = D* | v 00
- 200,200
Neutrino mass from m?=(Ps-Pp-P)? 200 205" soft
Compare BO partial rate to B+ averaged rate over large Pl -
region (to enhance the WA contribution) PRD73, 012006
(2006)
Twal < 7.4% at 90%C.L. CLEO, studing the q? spectra %150: IlillgialvB;e| | | ¢ | ’
T. W2/0 At JUI0L L PRI 96,121801 (2006) S = :
E. anl %fDal::Tepton ki
Ap AB(B)-1048] | AB(B) - 10* AT 0 O x - B
2.2 —2.6GeV/e | 2.31£0.10£0.18 | 2.6240.334+0.16 | -0.17+0.15+0.11 [ Epaawe
2.3 —2.6GeV/e | 1.46+0.06+0.10 | 1.3040.214+0.07 | 0.08+0.15+0.08
2.4 —2.6GeV/e | 0.75+0.04+0.06 | 0.764+0.15+0.05 | -0.05+0.20+0.10

Twal _ 3.8%
T.  fwa(2.3—2.6)

C - - - - 2
at 90%C.L. M2 (GeVZ/c?)
arXiv: 0708.1753 383 M BB

Ul\"VERSJTE CKM Workthop, Rome Sept 2008 Phillip Urquijo I6
DE GENEVE

16



Shape Function

Theory doesn’t work everywhere in the phase space —
re-sum turn non-perturbative terms

We can determine mean and width of shape function.

6000:—
: _ , 4000
Fit the b — sy spectrum to constrain the shape function "

b-quark: mass and kinetic energy from b — clvand b —
sy decays

Plug the SF into the b — ulv spectrum calculations | 1
Ready tO eXtraCt |Vub| _2000;—“‘ B _:

Photons / 50 MeV
N
o
o
o
|

o T T T

-4000_—| --\ co b b b \—_
i 1. . 5
Theory calculation for SF >= 2-loop. E;™ [GeV]

Shape Function needs to be determined from experimental data.

alternatives: cut out SF region, or factorise out the SF

UN|VER5:|TE CKM Workshop, Rome Sept 2008 Phillip Urquijo I7
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Sk iIndependent analyses

LNP JHEP0510:084 (2005)

Leibovich,Low,Rothsteil
R PRD61,053006(2000)
PLB513,83 (2001)

PRL96, 221801
(2P06)

M |

sl

Exploit the assumption that the leading shape functions are the Lange,Neuber,Paz
same for all b—q transitions.
Tmaz (b — u) mE/2 qT'(b — s7v)
/0 dex <:>/};}mm dE,Y W(Efy,Em?;n)dEfy
12 :_ Calculation ": ]
- =un =g Theory(LLR )
10 LN é ]
o | Golubey, Skovpen, > 6.
= °F Luth PRD76, 114003 | B
36 (2007) 1 | 1
- 44
a1 EE iI i i E 4
2_ Use lepton endpoint spectrum (BaBar) 2 - 1
0_ é - |2|.1| - |2|.2I - |2|.3I - |2|.4I - l 1.67 2
E, [GeV]

Uncertainties due to non-perturbative power corrections

increase rapidly near the kinematic end point (not included

in LLR).

The results agree with analyses that rely on an assumed

shape function form.

Measure Mx in Breco sample (89 MBB)

IV |=(4.43 0.30

£0.25_ . +0.29,, . )x10~3

sta sys

UNIVERSITE CKM Workthop, Rome Sept 2008 Phillip Urquijo
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InclL

mp(kin) = 4.601 + 0.034 GeV

HFAG

-
CLEO (E,)
377+ 044 +0.26 - 0.39
BELLE sim. ann. (m,
423+045+034-0.35
BELLE (E,)
461+043+023-0.31
BABAR (E,)

BELLE m,
393+£026+0.19-0.22
BABAR my,
4.07+0.20+0.27-0.29
BABAR m,-q’

429+ 028 +0.34 -0.36
BABAR P*

352+ 023+030-0.31
A\

(=)

q)

E bo—,

413+023+023-0.3 G G O u e

o—o—‘.—o-c

—_— E

v

3.96 £ 0.15 +0.20 - 0.23
yidot = 7.0/ 7 (CL = 43 %)

Average +/- exp + theory - theory

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

L

-9~

1‘ ICHEPOS \

2

no systematic difference between tagged and untagged results

UNIVERSITE
DE GENEVE

4

V.

6

| [x 107]

CKM Workshop, Rome Sept 2008

sive |V,

m, (MSbar) = 4.243 + 0.042 GeV

HFAG

f

/]
CLEO (E,)

358+ 042+026-0.20

—

BELLE sim. ann. (m, q)

416 £ 044 +0.24-0.14
BELLE (E,)
456£042+022-0.19
BABAR (E,)
4.04+027+024-0.21
BABAR (E_, s7™)
4.0l £027+0.28-0.22
BELLE m,,
407£027+022-0.19
BABAR m
425+0.20+0.20
BABAR mx-ql
424+ 028 +023
BABAR P*
373+ 024 +028-0.22

-0.14

-0.16

DG

—
s S

[ ——

——

Y

—e—  pelle BDT prelim.

Average +/- exp + theory - theory

426 £0.14 +0.19-0.13
yidof = 7.3/ 8 (CL = 51 %)
Andersen and Gardi (DGE)
JHEP 060 1:097.2006

E. Gardi arXiv:0806.4524

1 I I

| | l ; | J ICHERGS \

i o belle BDT prelim

2

Phillip Urquijo
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Inclusive |V |

BLNP

Statistical
Experimental Systematics
b->c | v model

b->u | v model

HQ parameters/non. pert
SF + Sub. SF
matching
Weak Annihilation
DGE theory
Rcut
q2 tail model
Higher order parameters

UNIVERSITE
DE GENEVE

2.1
2.3
1.3
1.4
5.7
2.4

3.7
1.6

DGE

2.2

2.1

1.2

1.3
+4.0 - 2.7

1.5
+1.2 -0.5

+0.7 -0.3

GGOU

2.2
2.2
1.3
1.5
3.9

2.6

CKM Workthop, Rome Sept 2008

-rror Breakdown

what can improve?

+8.2-7.2 +5.7-4.7 +6.3-7.0 More data (ab!) for better background

suppression, more off-res in endpoint.
B Beam
Reduced significantly in tagged meas.

Exclusive B—p/w/n IV recently
dominate

HQE/|Ve| fits/ Y(IS) (hit
theory and expt. wall!)

+0.0 -3.1 Most theory uncertainties can be

reduced significantly if we increase
the measured phase space.

The power dependence of my and
related theoretical uncertainties
scale inversely with phase space

+1.3-0.6  coverage.

Phillip Urquijo 20
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Comparison of |V| extraction

OPE based + SF

»BLNP: HQE with systematic introduction of SF
PRD71:073006 (2005)

»BLL: phase space in mx-g° with reduced SF
PRD64:113004 (2001)

» GGOU: kinetic scheme
JHEP 10(2007) 058

»LNP (LLR): b—sy directly relatedtob— u e v
JHEP 0510:084 ( PLB 486:86 )

No SF introduced > model non-perturbative QCD

»DGE: Dressed Gluon Exponentiation
JHEP 0601:097 (2006)

»ADFR: Analytic coupling
PRD74:03400(4,5,6) (2006)

HFAG Ave. (BLNP)
432 +0.164+0.32-027
HFAG Ave. (DGE)

426 20.14+0.19-0.13
HFAG Ave. (GGOU)
398 £0.15+0.20-0.23
HFAG Ave. (ADFR)
376 £0.13 £0.22

HFAG Ave. (BLL)
487 +£0.24 £0.38
BABAR (LLR)
492 +£0.32 £0.36
BABAR endpoint (LLR)
428 £0.29 £0.48
BABAR endpoint (LNP)
440 +0.30 £0.47

—_—
e
B
e
.
i
=
=

| | ‘ IGHEPOS \

UNIVERSITE CKM Workthop, Rome Sept 2008 Phillip Urquijo
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How [ hings Mesh logether

AKA: M. Morii's HOE plumbing diagram

Inclusive b = clv

Inclusive -
b — ulv
v duallty

| V.ol |

Ul\"VERSJTE CKM Workthop, Rome Sept 2008 Phillip Urquijo 22
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Conclusions

Untagged methods
Endpoint:
Goal: lower lepton energy cut to reduce theoretical uncertainty

Will require improved knowledge of charmed semileptonic background.
Stat. error will be relatively small if we have enough off-resonance data.

Improved Endpoint:
Prospects for reducing systematics, phase space cuts can be relaxed
Gain from relaxing Spy™@ however, there is fast BG increase

Tagged Methods

Full Reconstruction:

Better knowledge of exclusive states crucial.

Data has become quite sensitive to the underlying hybrid model MC (though HQ parameters have become
better known with charmed semileptonic decays).

Novel BDT approach by Belle promises to reduce phase space dependent uncertainties.

Overall

Novel approaches eliminating SF dependence agree with SF and QCD Model results.
WA tied down.
Inclusive V , ~8% error shared between theoretical and experimental. Static in the past 2 years.

Why? [Vub| theory errors are highly correlated.
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