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CKM Element Magnitudes

CKM matrix elements are fundamental parameters of the Standard Model and
cannot be predicted.

0.7

Exploit unitarity constraint to os
look for new physics = angle 58
from CP asymmetries and size g
from | Vckm | . - 0.3
|Vw | and | Ve | from "

semileptonic B decays

b—=cevV

Decay properties depend directly on |V, | & |V, |
and my in perturbative regime (&").
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CKM Element Magnitudes

CKM matrix elements are fundamental parameters of the Standard Model and
cannot be predicted.

0.7

Exploit unitarity constraint to 0s
look for new physics = angle a5
from CP asymmetries and size g
from |Vckm |- ar
|Vw | and |V | from “

semileptonic B decays

Decay properties depend directly on |V .| & |V,

- e
~ v and my in perturbative regime (&").
b - e — But quarks are bound by soft gluons: non-perturbative
B[ ]D long distance interactions of b quark with light quark.
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Exclusive decays: B—=D1 v

e Differential decay rate proportional to |V |? and form factors.

AT(B = D*fv) G}

dwd cos O,d cos Oydx 487173
F(w) = F(w,cos O cos Oy, x, Ry, Ry, p°)

IVCbI - e

PB * PD® VA
¢ ,b“'&"\'}s
9 o "’4"

W = U °* Opt = — | D(*) boost BYH o
npeg * mMpe

Vaol* 3 (w? = D'2P(w)F (w, ...)?

SZN,

'''''

Strong interaction
*
= form factors | D

* Fit angular distributions B/ep, Bv, X to determine form factors Ry, Ry p?

From experiment From Lattice (Non-perturbative input)

IVeb| x F.F. @w=1 (0 recoil) | |F(1)=0.908+0.017, PoS Lattice2010:311(2010)

op, pp+ (F.F. slopes) New lattice result reduces discrepancy with |Ve| inclusive
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Bo—D™I+
—&— Continuum subtracted On-Resonance data

® 772M BBbar events, 123K D*- I* candidates B Signal prediction after fit
® FF pars determined from fit to 1D hists (10 bins) MR /0 beckground, D

B MC background, Signal correlated
Of W, COSOlep, COSGV, X MC background, Uncorrelated

® 40x40 covariance input to F(1)|Veb| fit M 14 pecaround, Fak leplor

PRD 82, 112007 (2010)
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Phillip Urquijo 1 (Semi)Leptonic Decays at Belle, EPS2011 4 universitétb.onnl



Bo—D™]+ v

e Results of 4-parameter HQET fit. e 4oL A=
. OPAL
e First determination of G, and GT — oLl (excl,)
(helicity functions) =
X DELPHI
e Sensitive to slow 7 reco. and D** - P
modelling. - ACE
AR (D*0)
772M BBbar  PRD 82, 112007 (2010) ABAR (excl)
p? 1.21420.034+0.009 <m -
R:(1) 1.401+0.034+0.018 = o120
| | ! |
R:1)  0.86420.024+0.008 0.5 ! 5 )
2
BR(%) 4.58+0.03+0.26 P
F(1)|Ves| 34.620.2+1.0 Belle
s |Veb | = (38.0 = 0.2 + 1.1+0.7(FF)) 103
x2/dof 138.8/155

A ~3.5%
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B—=DsKlv

o Puzzle: Measured sum of exclusive mode BR’s
Xc=D+D*+D™ doesn’t match inclusive BR o1 |
(10-15% unaccounted). : 12 g

2.6
e Explore mass region above m(D;K)=2.46 EDsK threshold s ) S

GeV where resonant and non-resonant 24 -
contributions are present.

Mass (GeV)

2.2 N
e Disentangling DsKIv and Ds’KIv gives new ‘
insights for modelling this region. 2o |

e Background to Bs—Ds X | v at Y(55) and
hadron colliders. e.g. at LHCb (fu+fa)/fi~6  »* © o 2

e BR small due to kinematics, need efficient reco.

e Select Bsig in Ds(Y)KI* (Ds—®n). Remaining particles must be consistent
with B decay (Btag in semileptonic mode)

e Minimal signal side selection to limit model dependence.
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B — DS K1v Fit 657M BBbar

e Signal PDF parameterised from MC X — (Eveam — Evis) — Pvis
e Background PDF derived from MC and data sidebands. \/Egeam - Mj

e Measure DK and Ds’K modes simultaneously to measure cross feed.

i DK |
m(®n) | Belle | Belle so- Belle s K1V
25 Preliminary 161 Preliminary - Prelimina
- - e 251
D : ool | el o D:KIv Crossfeed
- AL AR 15
S B 8: = W =0 - ~At Ds* Bkg
6_ .................................................................................... 10—_ ‘‘‘‘‘‘‘‘‘‘‘‘‘ o
poprss S PO I A :::“_"__.-- ‘ '\ *
: Z_ m(Pry) st 4’ L Fake D
0:|4|1 £E| O:T‘;H‘mH\H‘\waw\\F\'FakeDs
194 195 196 1.97 1.98 1.99 2 .09 21 211 212 213 214 215 -6 -4 -2 0 2 4 6 £
my, [GeV] my,. [GeV] Xnis

290:— 2180: ‘
"Belle 160-Belle
*:Preliminary 140 Preliminary /DSK v
705— (¢Tc) E N
60, m 120 D’Klv Crossfeed
50— 100 ‘
DS 405— 80 ) Ds Bkg
C '-.‘“ 60: L .
Tl N pL T Fake D
105— + + 20:
| Tk

TR T R A F TR N T T T
mp, [GeV] Xnis '
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B— D.;K1vBR 657M BBbar

e First time measured separately. [YGLE BR: Belle Preliminary

e Systematics highly correlated: |DsKlv (3.0£1.25tat*"1-0.8 5ys) 104

combined has high signif. D*KIv  (2.9+1.65tat"1.1.0 5y5) 104
o Only a small part of B=2Xc IV [0 e o

6 O significance

 Belle ] . ABR ABR

>
Q120
= | Preliminary Systematic Error |50 (1K6)%
= % + First m(DsK) Tracking KID, LeptiD 8
< 8o spectrum » BR(Ds— @) 6 Efficiency
60 [ + measurement. Signal Efficiency 21/ de.termlned
’ \ S | N(B*B") ) with data:
40} Igna : reduced model
: Signal PDF (MC) +27,-7 | +17, -22
| Bkg dependence.
“f BKG PDF (MC) +6, -8 | +20,-17
ok BKG PDF (Data) +5, -1 3
25 3 35 4 45 5
M, «[GeV] Cross Feed 1 2

o Consistent with prev. measurement (Babar)  arxiv:1012.4158 [hep-ex]
B(B~ — DY K07 1,) = [6.1371:0% (stat.)+£0.43(syst.)£0.51(B(Ds))] 1074 >5 o
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V| from B—m ] v

2
A B aivy=CE
dq 247

pa V., Pl fi(g*)]

: : 4
Strong interaction F.F. X =mnn,pw

Method: Untagged (with v reconstruction)

e [dentify n* and I* on signal side

® Neutrino 4-momentum from missing 3-momentum

Pv = (lprr?iss|/ prr?iSS) qz — (pf + Pv)2 — (pB - pn)z ,.,

Form-factor calculations using different methods g* is calculated as the

weighted average along the

® Measure in bins of g’ —~reduces model Y 2)
cone (Y-average g).

dependence

® Compare to Lattice, LCSR, Quark model
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B—ml v Fit

PRD 83, 071101(R) (2011)

65/M BBbar 0 < g% < 16 GeV?c?

%,400()_—I L L L B |:| 'B' I_>Inl|vl

Estimate B yield by fitti z [ @ B
® cStimate YIe y | lng 33000:— 7 Bl
> _l\g i . Continuum:

= g g o [ +  Data

Mpe = Elz)eam N ‘p” tpet pv‘ :>J,20003_ X ]
AL = Ebeam B (ET( + Ef + EV) 10002— _

-1 -0.5 0

e Components in g? bins

e 13 binsform |V T e e o B
S 40001 5
. (1)) L C i
e 3 binsfor X, |l v 2 | (©) Belle |
. Sanoo L
e 4 bins for X¢ | v 2 BRI
7 - RIS o
. . € 2000 e v
e fixed continuum 2 5
. 1000 /

e Large Bkg at high g°

0

5.2 5.22 5.24

526 5.28
M, . (GeV/c?)
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657M BBbar

2. Fit data&theory in g%(2-3 shape pars+
OR |Vw|, data & LQCD correlations)

1. Extract |Vuw| from integrated g* regions
with FF (depending on theory).

<107 -6
N 1IOI T T | T T 1 | T T 1 | T T 1 | T T 1 | I_ — i<|1|0| T T T T T T T T T | T T T T | T T T T | |_
L 20F = & |
O PRD 83, 071101(R) (2011) S o120 2 Bele
18 = 0 " EPS v BABAR (12 bins)
~ F 5 B e BABAR (6 bins)
= 16] - & 10 preliminary — ggL (3+1 par)
§1 ; e Y- 8: I T A FNALMILC i
12 = 3 "
- T N = % 6: —
8- .. ISGW2 E -
- —HPOCD L) ] 4_ . |
6 nPach T e ] " LQCD points
A FNAL il E I
-~ ...LCSR 1 2|~ highly correlated.
2 eoma Belle % :
C L1 | L I |-"|":'1'| I | L b ' o ' A
% 10 Jsf o N v2352) % 10 15 20 25
nroiae evs/c
T o? (GeV?)

--

Methods are compatible.

HPQCD Belle >16 3.60+0.13+0-61 4, +17 4,

1. Form |Vub| Results for EPS from
FNAL Belle >16 3.4410.13+0'38-o.32 +12 44 .

factor J. Dingfelder
LCSR Belle <12 3.4420.10%037 55, +11 49 |

o gy FNALMILC Belle Full 3.51+0.34 10 Cf [V '”C“éi';/e <GGC3)U)

. Fi _ +0. _
FNAL/MILC,Belle+Babar Full 3.26+0.30 9 (4.34£0.16™7.022)10
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Leptonic B decays: B—vVv

e SM strongly helicity suppressed by factor of order (my/mg)?

& i
B(BO — V?) —TpR0 E < .Oé ) FéomszO

7 \ 4rsin® Oy

X \/1 — 4Am2 /m2, |V Via|?Y ? (),

e Any signal is a sign of New physics

e Several New Physics models predict
significant BRs for invisible decay of B

e e.g. R-parity violating models:

107" < B(BY — vx?y) < 107

NuTeV Collab., T. Adams et al., PRD 65, 015001
A. Dedes, H. Dreiner, and P. Richardson, PRL 87 41801

G. Buchalla, A.J. Buras, Nucl. Phys.
B 400,225(1993)

b e [TV

BO

b 07 ARY
9u
d w- [~V

R-parity V|olat|ng SUSY

_____________________ <
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Events/0.05 GeV

B—VvVv Fit

e Reconstruct one B in hadronic mode, veto extra

657M BBbar Bell

tracks, n° or K, Preliminary
. i -+
e Clean up some Egc1~0 Bkg. from non-B with cosOr Results | Yield(tstat)
(Angle of B thrust axis w.r.t. beam axis) Signal  |916
. . . 22
o Non-B more likely to “lose” energy in beam pipe. |Other BB 13272
® 2-D [Eecr,c0s0s] un-binned Max.-Likelihood fit I:areBB ~;3+22
on- - :
e non-B shape from off-resonance data &
- N7
14 © 25F B +
- Belle other Bbkg Non-B| g “F Belle ePS £
12— Prelimina 2 | Preliminary e\N@
10-Signal Rare B =l & F
8l ) vl ) RSk 151
s \ LU L
o iohn- TITE R by LS - 10— __.--":-
4:_ 1T % % ::_:.:".
2 T ims
Qs of .....................................................................................................................................................
02 04 06 08 é (Ge 52 08 -06 -04 02 0 02 04 06 08
ECL
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B—vVv Limit
e Obtain likelihood L(Nsig) distribution for the signal yield in fit. (Small)
systematic added by smearing likelihood function.

N
~ 2ANZ
/ e stig ,
Lsmeafr(st'g) — _[‘C(stg) dN .

\/QWANSZ'Q -
__Systematics: Belle Preliminary

N (BOBObar 1.4%

90% C.L. BR < 1.3 x 104 o)
. . Tagging Efficiency 8.3%
Belle Preliminary 657M BBbar Veto Track 1 6%
Efficienc 0 0
c.f. (Babar) BR < 2.2 x 10# Yoo 2.0%
K, 2.0%
e Ki, n%, track veto efficiencies calibrated oum 9.0%

with B=D®IV in low Eect region. Uncertainty. of |Signal +0.2
| | o PDF modeling (OtherB | +1.6/-1.4
e Conservative tagging efficiency NonB | +1.9/-2.2

systematic uncertainty. RareB 101

Sum(unit:events) +2.5/-2.6
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New full reconstruction

e *New* Neurobayes (neural network) tag B reconstruction in hadronic modes.

e >~3 x statistical gain over previous tagged analyses, with improved S/B.

Phillip Urquijo 11 (Semi)Leptonic Decays at Belle, EPS2011

Missing mass squared (Gevz) -1
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— ZOOX1-03- LI B B | x10°
~ - ~ 300" T T T T T T T T T T T T | =
S [N B? 1274644 +3702stat % [NB* 1814143 £6213stat :
S - ] % i
s 'L Belle s [ Belle
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% Peaking Bif. Gau.Bkg—=* : % ool £
= 50 Argus Bkg / g
5924I — I5.I25I I5.I26I - 5127‘ | I5.I28I — 5924l — l5.l25l l5.l26l 5]27 l l5.l28l e
mbec (GeV/c?) mbc (GeV/c?)
L 40 L % ———| —=— NP = 2667
o All hadrontag B ¢ B27 |V i cossen S ABTIV [ e s,
S 35:— J( [ Other backgrounds (UD) - T M2 . Nn."lv = 425.3+ 26.5
analyses (leptonic = £« ¢ | S [ VR MISS G N = 338.4: 69.3
. . w r ¥ I [Tl fit
and semileptonic  *f & S | | — Njtoo = 1903.52 77.2
. 20- & SRR Belle
decays) are being | = af | Mﬁ Preliminary
reviewed. 10 © o #‘ rlJJ N 5 :
: B ‘ (;\A’ ta lnﬁmﬂﬁ
s ) | g |
. e.go B_’TE I V 0: _1 0 2 3 4 5 JA‘I—A Astat~7o/o +
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Summary of Belle (Semi)Leptonic Results

e Exclusive | Ve |= (38.0+0.2+1.1+0.7(FF)) x 10-3 (Belle
o Exclusive | Vup | =(3.51+0.34) x 10-3 Belle&LQCD fiy

e tension with inclusive measurements ~2-30

¢ BR(B— DsKlv & B—DsKlv) measured separately for the first
time, key for Bs=Ds | v X measurements.

e BR(DKIV)=3.0+1.2+1-1 4 g x 104 (Belle preliminary)

e BR(Ds"'KIV)=2.9+1.6*11.1 o x 104 (Belle preliminary)
e B—invisible final states: New limit:

e BR<1.3 x 104 (Belle preliminary)

e New B tagging technique developed. Increases statistical power

of all missing energy (v) decay analyses that use hadron tag ~3x.
Results coming.
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End



B-tactory Approaches to Measuring B—Xlv

Untagged

Initial 4-momentum known
missing 4-momentum = one V
Reconstruct B = X, | v

using mg (beam-constrained)

and AE = Eg-E, ..

Semileptonic Tag

One B reconstructed in DY | v
modes.

Two missing V in event.

Full Reconstruction Tag
One B reconstructed completely in
a known b = ¢ mode without v.

Tag side

¥

ot ~

Signal

\)
¥ .
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Eff. Purity
High Low Lumi.

< 0.5 ab!
<1 ab1
> 1 ab1

Low High
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B—VvV Reconstruction

cosO+ Criteria Calorimeter energy
) 14
- Belle MC Generic B [N
n > 10 .. Non-B
ot o € . - e & t| Preliminary RareB
8. 10:— Slgnal —
Q ~ (500times)
: Z o
Thrust axis z o
4
Si:gnal MC Continuum bg MC 2
0 " % 0.2 0.4 0.6 0.8 1 12

Belle MC
Preliminary

- 3500
2500 - Ec (GeV)
- 3000F-

200 2500

1500 2000F

1500

Belle MC
Preliminary

: cosO;,
ol v v L e Ly

-1 0.5 0 05 1 0'.1' — '.0,5' 0 0,5‘ — 1‘

100 c
C 1000
50 -

500
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