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'Veb|, |Vub| and the Unitarity Triangle

® New physics searches in the flavour sector require precise and over-

constraining measurements of the sides and angles of the Unitarity Triangle.

® Must measure CKM matrix elements, fundamental parameters of the

Standard Model and cannot be predicted.
® |Vep| and |Vus| have a special role in the UT

® Accessible from Tree Level processes.

® Free of New Physics in Ioops
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'Veb|, |Vub| and the Unitarity Triangle

® New physics searches in the flavour sector require precise and over-
constraining measurements of the sides and angles of the Unitarity Triangle.

® Must measure CKM matrix elements, fundamental parameters of the

Standard Model and cannot be predicted.

® |Vep| and |Vus| have a special role in the UT

® Accessible from Tree Level processes.

® Free of New Physics in loops
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Semileptonic B decays

tree level, short distance: .
Decay properties depend

directly on |V,,,| & [V,,,| and m,

in the perturbative regime ().

-CHS! !! Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 5 umvcrsitétﬂ

Sosrne



Semileptonic B decays

tree level, short distance: .
Decay properties depend

directly on |V | & |V, | and m,

in the perturbative regime ().

- e
W-“ vV
/ But quarks are bound by soft
B[ Y S C]D gluons: non-perturbative
long distance interactions of b
quark with the light quark in
+ long distance: the B meson.
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Semileptonic B decays

tree level, short distance: .
Decay properties depend

directly on |V | & |V, | and m,

in the perturbative regime ().

, But quarks are bound by soft
B[ TRE £ C]D gluons: non-perturbative
long distance interactions of b
quark with the light quark in

+ long distance: the B meson.

Heavy Quark Effective
Theory: Precise tools
to describe dynamics
of the b quark

Departure from the heavy quark symmetry can
be expressed as (/\QCD/mQ)" corrections
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Inclusive versus Exclusive

" Inclusive |V | 5\
e / /-
B — Y
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cb
BF~ 25% %X
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Two Complementary approaches using different theoretical
tools, and different experimental signatures.
— Crucial independent consistency check.
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Theoretical Tools for Inclusive Semileptonic b Decays

Operator Production Expansion predicts the total rate as:

2 5 2 u- 3 )
> Gom, 0 u, H Pp PLs
r, =V, (A + Apy ) A, x[cg(r)+—+c,(r, 5, )+ (r, =5, —5) +...]
. 1927 , - m, m, m, My N,
Y \_Y_l TN
Free quark decay  QCD Pert. Non-perturbative
2
/ ; suppressed by 1/myp,
b
S . W, '\Nl\)]\
B . my, m. renormalisation scheme dependent quantities

K '\ J “'.‘ i";’\l e
ir v Yo \: ’.l;_‘: :‘::‘. /\ .f:‘
G, N T
B0\ 5
»x, Large error from my,
px X

H.2(-Aq) - kinetic energy of b quark,

NAaocp?/my,2
QCD"/ My, HcZ(A ) - chromomagnetic coupling

Non perturbative
parameters

need to be derived from  Aqcp3/my3 pp, pis (P1,T1.3) (Spin-orbit, Darwin terms)
data.

Measure moments integrated over large phase space to allow
assumption of quark-hadron duality
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V| from Inclusive B—=Xcltv

® A\; and mp, and thus |Ve| from <Mj>|Eg>E0=rBfdel“=f(Eo,mb,mc,ﬂi,ﬂéapéapzs)

“moments” in semileptonic D .
Cut-off quark masses Non-perturbative

decays parameters

Moments can be calculated
® Need high resolution access to B rest frame, unfolded for cut-off in E|
observables:

Hadronic invariant mass

_epton momentum B . — D(*)Y

IreccCo

. (*) _ 0 .
® Use hadronic tag Bug— DUY (Y=nn,mn® pKs,gK), neutrino

to fully constrain the signal side B properties: - B. — Xfv

sig

—tag - charge - momentum

New, improved hadronic tag method introduced lepton
by Belle in 2012 (see Y. Yook)

Used for many neutrino mode analyses, even for rare B—1*Vv!
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V| Determination

e Inclusive semileptonic decays recoiling against fully reconstructed hadronic tagged Bs
® Unfold measured spectra & apply radiative corrections to obtain true distributions

Lepton momentum Hadron mass
CT T T T T T T T T T T 7T T T T T T T T T T T T 7T T T T T T T T 7T T T T T T 7713 < -
§ 60, o B’ clzlata| E = 1600
o IE Belle Tpdaa > 100 5 pBelle 140 i
i -1 © . O 1400 ’ .
-~ 500} |140 fb mB—>X,ev - - E; > 0.7 GeV
E e Nl [ /Secondaries 1200 [ . data D*
84003_ SR JCombinatorial ] = 000 W B—Xlv S
w L T i [Continuum 1 % 3 L B—=>Xlv
D300 oty ~ ‘2800 [ fake/secondary ™ Truth
= . o P i % - &3 combinatorial | 217°
= . 30 ] 600 [— D**
W 200 | = u ~27%
. 400 — I
100 . 200 [~ AN F P S
840608 1 /12141618 2 22 7% 0 > 10 15
p.2 (GeV/c) My, (GeV?/c™)
i :r<‘7 r—uv) [V, 1 y v
b ~ = b
' — 2 ' : . /.
v - F(b s CZV) % 50 V. ’ PU et al., PRD.75.032005 (2007)
B cb ! PU et al., PRD.75.032001 (2007)
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V| Global Fitto B2 Xclv & B2 Xy

® First fit to multiple schemes, with consistent results!  HFAG EOF2011/PDG 2012, PU in arXiv:1207:1158

CHEP ™Y

_ x107
® Tested OPE parameters used for |Vup >° 43
® Consistency between Xclv and X;y added 42_53_ XlV&b—’SY
confidence to the theory : )
®A|Vew|/|Veb|~1-2% dominated by theory a2 /\
. - RS
uncertainties. i RER
Measure moments as functions of 415
Minimum lepton energy threshold, Emi : :csheme Vol = (41.96 £ 0145 +0.07) x 107
A e i ul | mi® = 4691 +0.037 GeV
0.1 @ B S 7 ticescﬁeme . 4.5 E— 4.6 —— 4|7 —_—
[ A ] . . .
0.08- 4 v °Y Sed m]S [GeV/c?]
i oNot ] —a I ]
g ] : | >~ t Kinetic 1
0.06’ kine]t?ce !(l:ﬁeme b3 7: —0.043 ]
R B s i 1
Epin (GEV) Epin (GeV) I ]
« 46— Line: Fit ~ 2T 0.0421- —
s : — |
S .. |Band:Theory error | & | . -
I I T % 20 ] I ]
v N N j 0.0411 -
, 5 i —
| ] i ] | X.yconstraint | |Vip| = (41.88 + 0.44 £ 0.59) x 107
i Bl e | o | D meconstaintkin _y 560 4 0,023 GeV
R R - . . L, T i b T * °
0.5 1 15 0.5 15 004 | . | . . . . | . =
Emin (GEV) Emin (GeV) 4.55 4.6
PU et. al. , PRD 78, 032016 (2008) y m, (GeV)

B
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'Veb| Summary

® Small but persistent discrepancy, up to ~2.40, between exclusive and inclusive.
® May not be (only) due to differences in theory/normalisation approaches.

® AExclusive~2%, Alnclusive~1-2% ({from 4% in 2004)

I
Babar D*Iv (Global Fit):39.7+ 1.2+0.7
PRD 79 012002(2009)

L.l o 11 Belle D*Iv:38.4+ 1.2+0.7
ol i PRD 82 112007(2010)

I : HFAG D*lv:39.7+ 0.5+0.7
r 1 arXiv:1207.1158

1 1 HFAG DW:39.7+ 1.4+0.9
1 arXiv:1207.1158

. I ; Belle Kinetic:41.6+ 0.7+0.6
mpkin = 4.543+0.075 GeV | ® 1 PRD 78 032016(2008)

Belle 1S:41.6+ 0.7
mb'S = 4.723+0.055 GeV —e— FRb7s 032016(2008)

Exclusive

*+ experimental % lattice

Inclusive

. o1 HFAG Kinetic:41.9= 0.4-0.6

* fit £ theory

HFAG 15:42.0+= 0.5
my'S = 4.691+0.037 GeV Ho— i 1207 1158

38 40 42 44 46
|Vcb|x 10
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Inclusive-Exclusive Saturation Problem

P BR(B'= X IV)=10.14=0.14% >
B*—=D’lv —DIv - DIV —22?
o Puzzle: 5.0.1% 2.120.1% 1.420.1% | 1.6£0.3%

o Measured sum of exclusive mode BR’s # inclusive

e What is it? broad resonances, unmeasured D™ decay modes (BR’s unknown!)
neutral transitions (n°, n), Difficult to directly measure!

e Affects exclusive |Vep|& DOTHV! (S.Stone, Monday)

e Instead estimate cross feed into |V, & DUTHY
measurements using B—-D®X BRs, measured

flrst at ICHEP. Should shed some I|ght on the problems.

Mass (GeV)

o . S—
e B II P I
= 0 cle Preliminary .D:))x.v Belle (this)
sl C.Oswald ||ICHEP =g+lv -]\
6 —— == ——  |mpi HFAG WA
A DClv J‘
MWD i1y
2 . B-— D,“Klv (0.59+0.12+0.15)10-3
] H
> > X X x x> &  BBRD™VX)/BRXIV) 1.027+0.018+0.042y:
g8 5 5 85 % 5 S BBRD™IVXI/BRXIV) 1.010+0.0154x20.041s
Q Q Q@ Q@ Q @ Q @
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Entries per 0.1 GeV/c
5
T

vV [(b—=ulv) V

['(b—civ)

* B° data
[ B—=X,ev
mB—X,ev
[[/Secondaries 1
[JCombinatorial -
”IContinuum




|Vub| from Inclusive B—=Xylv

® Total rate can’t be measured! Too much B—=Xclv background.

® Remove b—clv: BUT lose a part of the b—ulv signal.

Measure I'(B— X (v)x V., 2@\

Cut-dependent
constant predicted
by theory

Fraction of the signal that passes the cut
— corrected for QCD, motion of b-quark

Problems: W

. . o o B A
Restriction of phase space creates complication, . PR
need models, many debates over which to use /X

[ ~|Vuw|* mp°, but partial rates Al'~|Vyp|* mp'”
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Selecting b—ulv

® Need a large fraction of the rate, f, to control theory uncertainty.

Use hadronic B, D"Y to reduce combinatorial and precisely
reconstruct my, g?.

@2 = lepton-neutrino My = hadron

E, = lepton energy mass squared system mass
| 0.06 [ Experimental
| 0.4 b—=utv I .
I o0 b ¢ /4 resolution
[ | leads to
| "% irreducible clv

1 0.02f

ﬁ | contamination

o 1 2 3 0 5 10 15 20 0 1 2 3

Epgp (GeV) q” (GeV?) m, (GeV)
Eiep>2 GeV q2>8 GeV? Mx<1.7 GeV
fe  25% 38% 65%

Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 16 umvcrsitétm



Hadron Mass in Recoil (method)

. . = '
e My solution: exploit non- 22000

2D fit in g2 Mx. (projections shown)

el

(7)) [ LR

linear correlations between 1500t

kinematic, background & 1000t A
event variables to separate SOOE
A

b—u and b—c.

Nsig= 1032+91 (stat)

PU et al., PRL 104 2021801 (2010)

———

- B data

(B — X, Iv

i DB—>XCIV

2000F [L)Secondaries ]
i [-]Combinatorial |

Events

=] Continuum

1000F Y ]

G 10 20 30
q? (GeV?/c?)

T 2 3 4

imi i M, (GeV/c?

e Optimise for maximal . (GeV/c?)

. . (
kinematic phase space o -

. o/ |
coverage:~90%! Det. & Comb. = 4.8

B— Xulv SF 3.6
e BDT Efficiency: 22.2%. | 5 5 hivExel @ 4.9

e first BDT in Belle B — KKIv 1.5
B — clv backgrd. = 1.7

Belle: ABR(p 1ep>1.0GeV) = 1.96 (1 £ 0.09tat = 0.084ys) 1073

® B - Xul v: Resonant and

- (1/Gevic)

~N

non-resonant contribution

Electron Momentum (GeV/c) J

I . Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 17 A_mi'v‘c-'sitiétﬂ
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Inclusive |Vub|

Use m¢, mp, YUz from B— Xclv and B— X,y

CLEO (&) ® Agreement between experiments!

3.93+046+022-0.29 - ;
e ® Theory: Error (5-7%) dominated by m,
BELLE (E,) '

475+ 044 +0.17-0.22 — Mp, |J7[2
BABAR (E) I

429+024+0.18-0.24 |

BELLE multivariate (p*) s ® Experiment: Error from B—p/w/n v,

454 +0.27+0.10-0.11 I

k00 b0 o | non-resonant. & high Xy mass region

408 +0.19 +0.20 - 0.21 B
BABAR (m<1.7) :

3.94%022+0.16-0.17 —e— <unmeasurEd)
BABAR (m,_<1.7,q’>8) :
4.17+022+022-025 e

BABAR (P*<0.66) ! . .
375+023+0.30-0.32 —_—— | Vub | Differential Models

BABAR (m_, ¢? fit, p*>1GeV) § oy oy .

435+024 +)(()‘09_0‘10 -—OE—- 1.2 BLNP.NP B699, 335 (2004)

BABAR (p*>1.3GeV) : .

4334027 +010-0.11 —pa DGE: JHEP 0601, 096 (2006)
GGOU: JHEP 0710, 058 (2007)
ADEFR: Eur. Phys. J. C59, 831 (2009)

Average +/- exp + theory - theory ,
439+0.15+0.12-0.14 ¢

%/dof = 11.2/10 (CL =34.00 %)

. Gambino, P. Giordano, G. Ossola, N. Uraltsev :

JHEP 0710:058,2007 (GGOU) ;
l | l l l | L \LEnd Of 2011

2 4 6
IV 1 [x 107

,,,,,,,,,,, o
15 20 25
Mx(GeV)

4 approaches:
BLNP, DGE, GGOU (above), ADFR
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B—(m,p,w,Nn,Nn)l*V

® Moving towards a complete
understanding of Xul*v semileptonic

width, resonant&non-resonant Approach Efficiency Purity

® [n 2012, used new hadronic tag: Untagged High | Low
~2.1x10° B* tags, ~1.4x10° BY tags Tagged by B = D®lv N \ 2
(2-3 X previous). Tagged by B = hadrons | Low | High

® Best ¥, p%*, w, measurements and
best tagged 1, N’ measurements.

® mx,>1 GeV still a big challenge.

0y7 + 0
Mey) ~BR@ve) | , . oty BTormty,
mivie x104 ‘530‘)'{' " [Fo Data - Unfoided]  Belle 1 ‘o Be“e ]
2 | BeIIe =88 Preliminary] < 0.3 Prellmlnar;c
nt/n® 139 1.4 asp  Preliminary 18|82 13 25+ S |
B . = - tat. errors on
n 547 0.4 X Nsig=632135 . : %EE&ZD [_Sltat. errors onI\G § 0s y
' - [ i — %ﬁ
pi/po /75 2.3 'ﬁ+ | + : NEHOJSE— _:
w 783 1.2 | 4 11 S + + :
n’ 928 0.2 o : E0.0S —e— Data - Unfolded
_+= © 0 —BCL
lnc-Z(Excl) 14.5 T s [ KMOW :
2, 0 5 10 15 20 0.05 T —
mlss GeV /C q2, GeV2/c2 ng GeVZ/cz

Y. Yook || ICHEP
Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 19 ‘_mi'v'a?'sitétﬂ




'Vub| Summary

HRAG hol Range ® Aincl.~6% ({from 18% in 2004)
AExcl.~10%

" y  Belle:d.54: 0275 Up to 2-3 o difference between

GGOU:p >1.0 GeV
WA:4.39 = 0.15*%.'2 Excl.-Incl.

e -0.14
GGOU: HFAG EOF2011

Inclusive

HFAG Excl. Range

. @® Variation on WA in inclusive is
Belle:3.44 = 0.10™":

—+o+— | eq Losr’ substantial, but theory agrees

| L Belle:3.38 = 0.14*>%
—| | tagged, LCSR . very well for p>1.0

WA:3.40 = 0.07°0% measurements (pure OPE)
HFAG EOF2011 LCSR

WA:3.30 + 0.30
HFAG EOF2011 Global Fit

£

Q Winter 2012

-t | o | UTFIT:3.69 + 0.10
E Summer 2012

I

3 35 4 45 5 55 6
LCSR: Khodjamirian etal. g? <12  GGOU: Gambino et al. I V I X 1 03
ub

PRD 83:094031 (2011) JHEP 0710:058 (2007)
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'Vub| Summary

& P sor) Ny ® Alncl.~6% ({from 18% in 2004)
.2 i ° ! Babar:4.§3 +0.27 AEXCI ~T OO/O
) GGOU:p >1.3 GeV . .
- oy Delle:d54-027,, Up to 2-3 o difference between
3 GGOU:p >1.0 G0e1\£ EXCI Incl
H—e—H WA:4.39 = 0.15%0:3 - :
E GGOU: HFAG EOF2011
HFAG Excl. Range
: | o | | Babar:3.44 = 0.10%) o o ) )
T | Untagged, LCSR ® Variation on WA in inclusive is
@ : Belle:3.44 = 0.107% :
> et e LosR ’ substantial, but theory agrees
et e e very well for p>1.0
O —ted | WAB40=0.075y, measurements (pure OPE)
X HFAG EOF2011 LCSR
LL | ~ | WA:3.30 + 0.30 |
HFAG EOF2011 Global Fit ® New Belle results on B—T1Vv
E , . : B— 1 v:3.87 « 0.53 = 0.09 @ICHEP 2012 in agreement with
1 ' ' Belle, Lat.Ave. ICHEP 2012 both methods. (See M.Nakao’s talk).
. , B—tvi4.21+0.42+0.10
m i ¢ 1 WA (private), Lat.Ave. ICHEP 2012 ALeptonic.~10%!!
0 |-o—j CKMfitter:3.41 %02
T Winter 2012
\¢ = | o | UTFIT:3.69 + 0.10 I?
e Summer 2012
L
||I?I|||||||||||||||III|IIII|IIII

3 35 4 45 5 55 6
LCSR: Khodjamirian etal. g2 <12  GGOU: Gambino et al. I V I X 1 03
ub

PRD 83:094031 (2011) JHEP 0710:058 (2007) Vv
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LHC Era: Bs, Ap and
b-production



The LHC Era

® Vast quantity of b-mesons: they can
be precisely reconstructed in modes

with one neutrino! — e B*/BY/Bs/N\p
® Clean separation from large IP! = DX v
® Used as a calibration tool (rely on =D Xp vV
well understood decay properties). Y DXV

® g and fi/fq - key to many 2 AXHPV

measurements at the LHC!

Generally charm mesons tag
the b-hadron species, and the
lepton charge tags the b
flavour, except for cross feed.

® Semileptonicl By//A, decays teach us
more about |Vu|/|Ve|, and for
search for NP.

T l Bs— (Ds** = DK)XHV

® To achieve this required new,
precise measurements of the B/,

BY+— D KXY~V

SiStemS.
wer o Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 23 mvcrsi:étm
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owb & fs with Semileptonic B/Bs/An, Decays

. . /s _ ncorr(Bg_)DM) Tp- T Tho
® First Cross section measured futfa Peo(B—= D)+ neoe(B— DV ) 275
with b-D%pgv
ou5 (7 TeV:2>n>6) 5 | LHeb | o
=75.3+5.4+13.0 pb : | @ |
& § 300~ Combinatorial Ompt— g
® As clean as a B-factory " 200l SN g
® First b paper at the LHC D from %
(3 pb_1) R * In(IP/m:). e 2
PU in PLB 694 (2010) 209-216 .~~~
| | | - () 1
® First Production fraction: | f, 3n<s |

B/Bs//\b_' DO/D+/D5//\C IJV

® B;showed no pr
dependence, not flat for Ay.

Y—

"-F: - l —i— — $
Y 1
011 -

. ) 5 10
® SOIVGd ad |Ong Stand | ng P, (charm + ) (GeV) P; (charm + ) (GeV)

puzzle in b-fragmentation!
f/(f +f;) =0.134 £ 0.004 = 0.011 (LHCb) 3 pb"

=0.128 £ 0.012 (LEP)
= 0.164 = 0.026 (Tevatron HFAG 2012)

ﬁ J Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 24 mwmﬂ
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Bs Semileptonic Width Components

— predicted (Godfrey-Isgur model)

B(B. - D X 7)
B(FS — Xu~7)
BB, — D} X1 7)
B(Eg — Xu~7)

}I!. Semileptonic B decays, IUPAP Prize, ICHEP 2012

observed
3
28 [
s il Ds?.
, 26 5 3
-
2.4 D_Z,
| i .\v,
i  pr
22 ps
- -
- Ds
2 [
| | |
o 1~ 0o 1+ 2 3
© S-wave P-wave

DK

® Most precise
measurements of

PU in PLB 698:14-20 (2011)

25 |-

LHCb ~

Ds™"u7v modes. @ L 3 pb! VS =7TeV Data

® BR(DyDs") modes ~ *'F o DK E

determined using  1sf e WS Kaon: D°K-

neutrino IETI E

reconstruction! s | ]

= L f 7

. o o o C 7 1 ]

® 8.30 significance = | !'llﬂli..ﬁi!!![nz:mz:mnﬁmia—..

discovery of 2 6ok E

B.— Do - § 160; (b) LHCb -

S s2H V. '-”;j(;/ Vs=7TeVData -

120F =

- ' ' .

D,,(2536) — D*(2007)° K* +60F- Discovery! =

missed ni® or y | 80F =

s0F- 20 pb'

D,,(2573) — D° K*| 35 ¢ P E

20F- =

(33+1.04+04)% o b
2300 2400 2500 2600 2700 2800

m(K'n*K*)-m(K'n+)+m(D°)PDG (MeV)

(5.4 £ 1.2 £ 0.5)%,
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Inclusive Semileptonic Bs Decay Width, Y(5S)@Belle

e B; inclusive width
o B.—Xlv

e Assumed from theory
(that SU3 symmetry is
kept), to measure the
production fraction.

['sL(Bs)=Is1.(Ba) =Is1.(Bu)

o [s.(Bs) only precisely
measured by Belle at
Y(5S) with 121 tb-'.

events / 0.050000

e Method:
Inclusive:

B;— XIv with
Bs(— Ds) tagging

e See C. Oswald@

Y(5s

)
S H
93%/ \E;% 3
. B, B
D; X Dy X

1" X I~ X
X10 IIIIIIII 121 fb—l T 5S = i<I1I03I i T T T I.I l T T T I IIIIIIII i
257 "gelle prelim}nary I ( ) g 1.6 g?f{) e éo‘:(?sl):mmary -
B —1 -
B i > B
: : - 2 Electrons
15 2 4 e
i ] b :
- ] > 0.8F —
10 ] 0 6:_ 150/0 B E
i - " osl mmE
5: il : i -
| < X ]
NN, Siiiean iy 0B
0 02 04 06 08 0 ” v . e :
X - Z
) p(e) [GeV]
p(D
x(Dy) (Ds) < 0.5
Pmax(Ds)
+ O . 6 7param

Me.toirne
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Summary

® Measurements of |V and |Vep| via Semileptonic decays have been a great challenge for
both theory and experiment, particularly in controlling hadronic physics.

® “Tension” between inclusive and exclusive analyses persists, while uncertainties are being

reduced.
(
0.0846 4 0.0035  fit
. Va
|Veb | Exclusive (D*1v) | Vun | Exclusive (zlv) V: =40.089£0.010  exclusive -
1-20 2.3 O 0.0969 £ 0.0068  inclusive
. . R. Van der Water
| Veb | Inclusive | Vub | Inclusive : :
Ratios are compatible

® Will they improve?

® Next generation B-factories will produce hadronic tagged, high statistics, high purity
samples and fully measure the charmless semileptonic spectra.

® | HCb will provide competitive results in exclusive modes, already starting to
dominate in Bs and A, semileptonic decays.
e Still a big challenge for theory
® Precision data can inspire and validate theory advances.

® Semileptonic decays prove to be important in new physics flavour measurements!
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Summary of |Vub| and |Vep|

| Voo | Exclusive (D*Iv)

Exp. error 1.4%
LQCD norm. 1.9% Vcb‘=<39.04io.55i0.73) - 1073

| Ven | Inclusive I 240

T Val=41.88£0.4420.59) 10

| Vun | Exclusive (nlv)

Exp. error 5.5% |\/ 1 1=(3.23+0.18+0.24) - 1073
LQCD norm. 7.5%
2.7 0
| Vub | Inclusive

Exp. error 3.6% ‘Vub‘=(4.41 +(0.15+0.1 7) -1073
Theory error 3.9%
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Exclusive |V

Y Gmax
2=(mp?+mz>-2mpEy)? G*
}q B A0, ) = 5155 / dg® P3| f+(a*)7
2471
0
2

One FF for B = =lv
with massless lepton 1 7"“’”d , dB(B . wﬁy)
q

d —

‘VubPTBO

-Exclusive rates determined by |Vw| and -~ ot

)
=

Form Factors 0.6 —— LCSR* =
. . o ) " — Fermilab :
Calculable at kinematical limits with 05 —HPQCD

5 — ISGW2

S
=

LightConeSumRules or LatticeQCD

‘Empirical extrapolation necessary to
extract |Vxp| from measurements

S
)

0.1

lllllllllllllllllllllll

dBB" - n1'vydg* IV 1 (ps™/GeV
-
I I LI I I LI / | ] LI [

é:”l
=

10 15 20 25

Approach  Efficiency Purity s
Untagged High | Low
Tagged by B = DOlv N \ 7

Tagged by B = hadrons | Low | High
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Exclusive |V

1.|Vuw| from partial g* integral with

Error budget:
FF (from theory/lattice).

2% from total rate

2 Fit data&lattice calculations in 4% from g2 shape
g°(2-3 shape pars + |Vu|, data & 8% from FF normalisation
LQCD correlations)
o ><TI(':)-(';'|""|""|""|""|'
—7——7— ‘}'> 12 Ao Belle untagged (13 bins) i
_ +0.37 i v BaBar untagged (12 bins)
—t o | Belle untagged:3.44= 0'102;00.% 8 i e  BaBar untagged (6 bins)
LCSR-KNOW: of<12 GeV?/c <~ 10 BCL fit (3+1 par.)
L] | | Belle tagged:3.69x 0.24"." “C [ g _ & FNALMILC ]
| ® I . 5 5 4 gt o1 ]
attice-FNAL: q>16 GeV-/c 3 L A L -
U | | Belle tagged:3.38= 0.22:;)_ ';’17 m nal } B
b & LCSR-KMOW: <12 GeViic® | GETT :
Belle:3.51= 0.34 ~ N
® ur?t:gged Global Fit 4 - .
| ® | WA:3.30= 0.30 2k -
| | HFAG EOF2011 Global Fit ) i
A T S R S S S R TS S RS T S O_...|....|....|....|...l.|_A
3 3.5 4 4.5 o 3 0 5 10 15 20 25
Ivubl x 10 q2 (Gev2)
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'Vub| Exclusive-Inclusive Puzzle

® Inclusive:

® |Vub| varies depending upon theoretical framework and is
highly sensitive to the input b-quark mass.

® High mass components, and fragmentation will be
measured constrained.

® Exclusive:

® Rely on normalisation from theory or Lattice, but stat
limited tests of those predictions. Rely on precision tests

from D—=w/Klv, and g shape comparisons in B decays.

® |Vub| can be obtained from other exclusive decay channels
such as Bs™Kupv

® Right handed current?

“ Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 32
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How to determine [V,

Study weak interaction

2 Complementary approaches Vol » [V
using different theoretical tools, /
and different experimental \ «
signatures. Ve
— Crucial independent
consistency check. c,u
Study strong interaction
“Structure of the B meson” d Xy
Inclusi Gimy 2
NCiusive: F(B — X KV) 3 H/cb‘ [[1 + AeW]AnonpertApert]
sum over all hadron final states 1927T , N y
(heavy quark symmetry) g QCD corrections

free quark decay

dI'(B — mlv G%,
Exclusive. g = gy Vo L 0)f

Q B—nx form factor (lattice QCD)
wer -« Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 33 umvmm.nn‘
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Outlook for SL B decay measurements

R ® LHCb: Neutrino/g? reconstruction. for exclusive
k ,  Measurements.
® |Vuw |: Bs=KOpv, B=ppv
PRD.85.032008 (201T)
o T DERECEE B s
%600 0 _, DO i - 2400;?._.;j'_‘““ lllll R E
¢ 500 i . . 8 - i :
Boosted frame S 400 S li‘i ..... o S s00f e +_,_ :
: o T d 48 e e T
“ fzz i_____i . - 100F- "-r-_;._4.=
0— ::E_E(!)é1|0 0:'”35|oo””4(;oo'”'45|oo'”'_5-<_)l-o:;
o* (GeV?) m(D, L) (MeV)
® Belle 11/SuperB: ol o sl _
. . . . . - Statistical+Systematic
® High statistics hadronic tag reconstruction. . EET——
® Full exploration of SL charmless (and charmed) 2 KEK Report 2009-12
. S 6f
mass spectra: up to higher mass. z
® Decay differentials to fully test models gt _
® Lattice errors expected to halve in the next 2 T e _;
years e ———

Luminosity (ab'1)
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Exclusive |Veb|

E

The B—D"WIv differential decay rates are proportional to |Ve,|? and form
factors.

dr(B - DOIV)/dw=(Ge2/487%) m_, (mg + mp) W =1)" |V | 2| Foy W) |

P8 - Pp®
W = Vg Upw = : D™ boost
meg * Mpe

Take 1 normalisation point
from lattice-QCD at O-recoil

(w=1) ~2% errors

B
From experiment
Veo| x FF. @w=1 Fo-p(1)=1.074(18)stat(16)sys  F-p*(1)=0.9077 (51 )stat(158)sys
PD, PD* (F. F. slopes) [Fermilab/MILC NPPS 140, 461(2005)] [Fermilab/MILC, arXiv:1011.2166]
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V|, |Vub| and New physics

® Indirect constraints on NP

® Some UT constraints
strongly affected:

® B(B—=TV)xfg? - |Vip|?

® g dependent on |V
® B(K*=mrvV)x |Vep |

® B(K = mOvv)oc|Vep | *

® Di

rect?

® | R models could affect the b—=ulv
transitions

® Charged Higgs can affect Cabibbo
Favoured decays B—D"'tv

(Br)at =

’

1.09 +0.12
{4 0.903 =+ 0.086

098i010

excl

incl

excl+incl

1.0t

|Vcb|exc1 ldof.= 6.1
CL.= 02%

0.8f

0.6f
n

0.4}

0.2f

0.0t

) N L
- >
Y
) "
/’ z
7 %
% .
”~ ‘.
7 .

1.0

0.8

1 0.6
n

1 04

0.2

00

|Vcb|1ncl Xz/dOf = 26

CL.=
Suk

7.4%

AM,
AM,

10 ~05 05

CHEP .
Meitosrne

1.0 -10
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A word on tauonic modes: B—= DTV,

e Higher values than expected from the SM

But, no indications in favour of a Type Il charged Higgs.

I I ' I I
SM H—e—+ d
l @ ] D d
Belle Had. 2009 | o | b _’7"—’_ C
\
Belle Inc. 2010 ——e—H mytanfFm, coiff N
Belle Average H ® — N 1)
o /v
e . " i T
D mtanf
Belle Had. 2009 I ® '
Belle Inc. 2010 —e—
Belle Average H—e—H .
o SM Belle hadronic tag update coming soon!
0 0.2 0.4 0.6 0.8

BR(D"tv)/BR(D"'Iv)

Isospin invariance assumed
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Exclusive |Va,| Averages

B—=D’lv

|Vep| = (39.54 £ 0.50gxp =+ 0.741.qcp) x 1073

B—Dlv

|Vep| = (39.70 & 1.42pxp + 0.891.gcp) x 1073

CHEP ™Y

Meitosrne

ALEPH

313+ 18+ 13 —— S
CLEO

400+ 12+ 1.6
OPAL excl

366+ 1.6+ 1.5
OPAL partial reco
372+ 12+ 23
DELPHI partial reco
354+ 14+ 23
DELPHI excl
362+ 1.7+ 20
BELLE

347+ 02+ 10
BABAR excl
341+ 03+ 10
BABAR D*0
351+ 06+ 13
BABAR global fit
358+ 02= 1.1
Average

359+ 0.1+ 04

x2/dof =29.7/23 (CL = 15.70 %)

N
)

cb

N
(@)

F(1)x IV 1[107]

35

30
HFAG

End Of 2011

AyP=1

DELPHI
(part.reco.)

ALEPH BABAR (D*0)

BABAR (excl.)
BELLE

HFAG

¥*/dof =29.7/23

| | | 0

25 30

40 45
F(1) x IV_1 [107]

ALEPH

38.89 = 11.80 = 6.09

CLEO
4490 =597 = 3.30

BELLE
40.84 £437x5.17

BABAR global fit
4342 +0.81x208

BABAR tagged
4245+ 1.88x1.05

Average
4264 £0.72 = 1.35

HFAG

¥*dof =0.5/ 8 (CL = 100.00 %)

0

50

cb

G(1)x IV 1[107]

30

20

10

20 30

Semileptonic B decays, IUPAP Prize, ICHEP 2012

0 50
G()xIV | [107]
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Exclusive |Vub| Averages

BABAR had. tag: B* = n’ I'v x 21 /7, HFAG EOF2011 Average

1.52+0.41+0.30 e
]13]252LL1052hzad.0t?)%: B' =’ 1" v x 2t /T, e  1.48+0.15+0.07 Theory q2, GeV/c2 | Vubl X 103
BABAR sl. tag: B — 2’ 1" v x 27, /1, | LCSR1 <12 3.40 £+ 0.071; 35
1.78 £0.28 = 0.15 e +0.59
BELLE sl. tag: B* — i’ I' v x 27/, i LCSR2 <16  3.57 1 0.067, 5
LA 020 0s : HPQCD > 16  3.45+0.09705
ad.tag: B —mw ' v I :
107027 0.19 i FNAL/MILC > 16  3.30 £ 0.097)3
RY s 1t : .
BELLE had. tag: B =z 1" —.— [ 1.49:0.09-0.07| [CSR1 PRD 83 (2011) 094031  HPQCD PRD 73 (2006) 074502
BABAR sl. tag: B’ — 1 I* v _. LCSR2 PRD 71 (2005) 014015 FNAL/MILC PRD 79 (2009) 054507
1.39+0.21+0.08 I
BELLE sl. tag: B” — 7t 1" v E s |Vu| = (3.23£0.30) x 103
14210191015 H_!_H p— ><.|1|0 LN |u| T T T T T [ T T T T [ T T T T 1
CLEO untagged: B = [v .._._.. New results N> 12 v ggg&ear (12 bins)
1.38+0.15+0.11 . - .
BABAR untagged (6 q° bins): B = m1v 8 - e BaBar (6 bins) i
141 0.05 = 0.08 | - = 10" —— BCL fit (3+1 par) ]
BABAR untagged (12 g bins): B = - 1* v “o L] T * FNAUMILC -
142 +0.05 = 0.07 ' < 8 7 g
BELLE untagged: B” — 7' 1" v : E ] i
1.49 = 0.04 = 0.07 te- 4 6k ]
Average: B’ — v " v R :
142 +0.03 = 0.04 ") al B
»*/dof =7.4/11 (CL = 77.00 %) m i ]
] | ] ] ] | ] ] E ] | Encnl Of2|011 2 :_ _:
_2 O 2 O i 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 o 4 o 5 10 15 20 25
B(B — a1 v ) [X 10 ] o (Gev2)
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Inclusive |Vub| Averages

CLEO (E)

393+£046+0.22-0.29
BELLE sim. ann. (mX, q?)

437+046+023-0.26
BELLE (E)

475+044 +0.17-0.22
BABAR (E )
429+024+0.18-0.24
BELLE multivariate (p*)
454 +027+0.10-0.11
BABAR (m, <1.55)

408 =0.19 + 0.20 - 0.21
BABAR (m, <1.7)
394+022+0.16-0.17
BABAR (m, <17, q>8)
417+022+0.22-0.25
BABAR (P*<0.66)
3.775+0.23 +0.30-0.32
BABAR (mx’ q? fit, p*>1GeV)
435+0.24 +0.09 -0.10
BABAR (p*>1.3GeV)
433+0.27+0.10-0.11
Average +/- exp + theory - theory
439+0.15+0.12-0.14

%/dof = 11.2/10 (CL = 34.00 %)
. Gambino, P. Giordano, G. Ossola, N. Uraltsev
JHEP 0710:058,2007 (GGOU)

N SUSDE .

4

| i, ,‘ End 0(2011\

ICHEP
Meitosrne

2

6

IV 1 [x 107

HFEAG Ave. (BLNP)
1.40+ 0 0.19 -0.21 ZiEn e
HFAG Ave. (DGE)
445+0.15+0.15-0.16 e
HFEAG Ave. (GGOU)
4.3940.15+0.12-0.20 St e
HFEAG Ave. (ADFR)
403+0134+018-0.12 g
HFAG Ave. (BLL)
{62 +0.20 + 0.29 °
BABAR (LLR)
4.43+0.45%0.29 —
BABAR endpoint (LLR)
4.28+0.29 + 0.48 -
BABAR endpoint (LNP)

o

440030047

End Of 2011

A

- Semileptonic B decays, IUPAP Prize, ICHEP 2012
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B-oTv

. . Babar SL:1.70+ 0.8-0.2
" PRD81:051101(2010)

Babar Had.:1.80") 27 +0.26
arXiv:1008.0104

. Babar Ave.:1.76+0.49
arXiv:1008.0104

. +0.38 +0.29
o o Belle SL:1.54 0.37 -0.31

PRD82:071101(2010)

Belle Had.:0.72*)%7+0.11
ICHEP 2012

Belle:0.96+0.22+0.13
Combination ICHEP 2012

WA (private):

114+ 0.23 See H talk by Y.Yook

1 2 3 4
BR(B — t v)x 10*
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Normalising the production rates

® Key ingredient - the inclusive BO— DOlvX BY— DOlvX
charm+lepton final states C S AR TR .
measured for the first time at S o ] §,
ICHEP 2012! | 1 '
® B+0—=DOIvX/BO—=|vX using son

Belle’s hadronic tagging method.

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
5.24 5.25 5.26 5.27 5.28 1.82 1.84 1.86 1.88 1.9 1.92
m,. [GeV] m, [GeV]

o
o
?400:—' - '0' 77 ‘Belle - ks
212001 B+— DOlvX Data - 5
1000 N
- .ﬁv Total= 7302- 95
800 | fit bkg= 679- 95 —
- @ Fit sig=6623:153 -
600 @ x2=11.3,prob=0.19
400 @ * .
200 Signal -
0 1 1 1 1 1 | 1 1 1 1 | 1 |_
1 2 3
P GeV " ° % Q/ Qo % Q %
lep Q Q Q Q Q Q Q Q

® Also sheds some light on nature of exclusive-inclusive saturation problem.

.;FE! !! Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 42 universitétﬂ

Sourne



B-factory Approaches to Measuring B—=X,lv

Untagged

Eff. Purity
High Low Lumi.

ot 7

Initial 4-momentum known vas) LSiznal
. o A —— & L
missing 4-momentum = one V 50 gO
-1
Reconstruct B = X, | v - <0.5ab
T
. ) Rest used to reconstruct V
using mg (beam-constrained) /
and AE = Eg-Epeanm
Semileptonic Tag n:'\ o+ 7
One B reconstructed in DY | v K—.:___‘p‘” D+ Y@s) Signal <1 ab
modes. s SR '\
Two missing v in event. Tag side n
.
. +
Full Reconstruction Tag - e e+t ~
One B reconstructed completely in |+ g o vias) | Signal
a known b = ¢ mode without v. + AT R
R_W B® B -\ > 1 ab1
Tag side T
i
Low High

._mi'v'(}'sit;étbonn\
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