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Unitary triangle: V
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CKM matrix measurements

E
=
E

CKM matrix is unitary

-> angles should add up to 180°
-> sides should fit the same triangle

Deviations of individual measurements could signal processes
not included in SM
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W <1 From semileptonic B decays
A%

T]— |Vub|

|Vub|, [Vep

v
“l

[V | known to ~1.4%, becoming as precise as |V |=I (~1%)

need to pin-down |V |, present world average error ~10%

b—clv background typically an order of magnitude larger.
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T Inclusive |V,,| measurement

Traditional inclusive method: use semileptonic decays, fight
the background from b—clv decays by using only events
with electron momentum above the b—clv kinematic limit.
Problem: extrapolation to the full phase space— large
theoretical uncertainty. -> new development

New method: fully reconstruct one of the B mesons, check
the properties of the other (semileptonic decay, low mass of
the hadronic system)

*Very good signal to noise

eLow yield (full reconstruction efficiency is 0.3-0.4%)
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ninnfu] A W[ uunn .
B Electron spectrum endpoint

b—clv (yellow) an order of magnitude
larger than b—ulv (blue)

OB-Xlv
B B-X,lv

Measurement region - traditionally:
between the b—clv endpoint and the 0015
b—ulv endpoint o1

2.3GeV/c <p, <2.6 GeV/c (CMS)

© T T T T[T T[T IT T[T TT [T TrTT

GeV/c

-> Huge extrapolation, model
dependent...

New: reduce the background and
model the remaining background better
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bl Electron spectrum endpoint: the method

0.03

AN/N
o
8

Measurement region:
[19GeV/c <p/<26Gev/c(CMs) |

0.015

Background estimation
region: 1.5GeV/c <p. <19 GeV/c (CMS)  °=

o
o 2
© T TTTITITII T TII T TITT

Deal with large backgrounds:

QED radiative
corrections included

BB backgrounds MC simulation: «——
D**ey (ISGW2)

BoXIn
o D*ev (HQET)
eLeptons from other decays Dev (ISGW2 Fit (D*+ D)lv/ D** Iv
/vy, v (2S), v conv_‘L relative contributions

Veto on invariant mass
eFake electrons

Estimated using K >n *1
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Non BB backgrounds
Continuum (e*e"—qq )
QED processes
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== How to deal with large non-BB background

Visible energy
Charged multiplicity
Fox-Wolfram moments
Fisher discriminant:
Energy flow variables
Thrust axis

Rare B decay tag

+ Subtraction of continuum
(8.8fb! of offresonance data

Course at University of Tokyo Peter Krizan, Ljubljana

L

= ectron spectrum endpoint: the result ( 27 fb1)

E 104 . BB background (b—c MC expectation)
3 102 | continuum background
2
b
-]
& 102 | | _ _
- (b) Systematic uncertainty:
% 7500 1 1 Model dependent signal eff.1.7% - 3.4%
& 500011 B —X_v background estimation  17%
2500 T,
T T T .L.—_"i'*" L
2 / 22 24 26 28 3
Momentum (GeVic)

b—u MC expected shape
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|V, | extraction

NX,1v) Partial BR -> determine from the data

BB ¢MC

ABr(X 1v) =

Bosch, Lange, Neubert, Paz, Nucl.Phys. B699 (2004)

(1+8,,4)xABr (X Iv) 1
| Vs |= =
g R

1.9 GeV/c <p.<2.6 GeV/c:

V., = (4.50%0.42 £0.32£0.21) x 103
exp SF theo

Total error on |V ;| ..... 13%
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mit®  New inclusive |V | measurement

New method: fully reconstruct one of the B mesons, check
the properties of the other (semileptonic decay, low mass of
the hadronic system)

*Very good signal to noise

eLow yield (full reconstruction efficiency is 0.3-0.4%)
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Fully reconstructed sample

________________________________________ T ggece0

! 1 3 0 Signal ..... 254411
' Fully reconstructed sample ! S B e e
! 1 urity ..... 0.59

i Clean environment but small sample: € = 3-10° ! it pury

| Exclusive method: 180 decay channels oo

' Reconstructed channels: B S

' B' 5> DOt / DO p* / D at/ DO DOT |

: £3 e * * * + 1 % IS.-]] : s ]QI 5.25 !‘IJG

i B* > D™zt /DM p* / DM */ DO D ) 1253 bt

: D*O_) DOTCO E ssoono .

R o | Spess | BT Signal..422753
' D* - D%/ Dn’ I3 bgd ... 255446
' D* >Dy | s purity ..... 0.62

E D’ > Kn/Knr'/Knrn/K n’/K nrn/K wrnn’ /KK o ¢

' D — Knn/Knnn'/Kn/K nn®/K nnr/KKn - ) o

' D, > K Kn/KKn i -
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M, (GeVie)

as

M, (GeVie)

1]

L
HEARR

LT

|V,,] measurement

Variables separating b — ulv from b — clv:

lepton energy E, A
q hadronic inv. mass M, n/ Y "
leptonic inv. mass g?
~S P a //‘D,Z» .

s VA-"‘/ _ . )
8 10000 Babar,88M BB
Xy 2 high p
Full reconstruction 1 8000 1epton
Belle: B—D™- n+/p*/a;*/D M+ %;mmn
e ~0.25% 2 4000t
BaBar: B—D®™)- n;n n\K ... 2000 4
€ N0.40/0 (}“2 5,I25
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M, analysis

Use the mass of the hadronic system M, as the discriminating
variable against b — clv

M, = mass of all hadrons from the B decay. Expect

e M, for b — clvto be above 1.8 GeV (b — clv resultsin aD
meson with >1.8 GeV)

e M, for b — ulv to mainly below 1.8 GeV (B->xlv, plv, olv ...)
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B M lysi a l (b)
analysis £ B0 T
[ X y @
] b—u MC
B 400 e
[} % b—c MC
D:TI + data

300 p

200

MX<1.7 GeV/c? / q2>8 GeV?2/c?

100

Total error on |V .| ..... 12%

o 0.5 5 2 2.5 3
M, (Gev/c?)

|V,,| = (4.93%0.25+0.22%0.15+ 013+ 0.46 *020) x 10°

stat syst b—>u b—>c SF theo
model dep.

253 fh! | V..l = (435£0.20%0.15+0.13+0.050.40 7013 ) x 107

stat syst b—u b—>c SF theo

modeldep.
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|V 5| Results

gy ——0—t—
prentonprn e
Lepton endpoint (p* > 1.9 GeV/c) Bubar sudpons —
|V, = (4.50£0.15+0.55) x 103 13% } preeer —O—t
?ﬂ;‘;ﬁo Al ——0——
Full reconstruction tagging M/ s ‘.\::{;Jilrccn
[Vl = (4.93£0.33£0.56) x 103 130 /? :‘_‘;t;_ﬁ;;ﬁ;"“" [ S———
:s:.l‘ll‘.l‘r:rl\h.'.(!: s, . o
M AELLE M- freco
|V,,| = (4.35%0.25 £ 0.45) x 10 O [sosassis e
Y 12 /0 N-.E LE
o (| I
[V.s] = (4.56£0.30 £0.55) x 103 1 4*0 o e NG
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=i Purely leptonic decay: B > v,

B~ — £~ decay occurs by W boson i 0+
annihilation in the Standard Model 4 w
B
B(B~ — {7 M vy
2 a 2y 2
G mj 5
= Stmam? (1 mY’ fa vy e

Provide a direct measurement of B meson decay constant fp
and constraint on CKM matrix elements |Vys|/|Vidl
= 71 mode is favored over er and pv final states due to helicity suppression

CKMfitter predictions
B(B~ — uv) = (42711 x 10" and B(B~ — 77 %) = (9.37%3) x 10~°

Sensitive to new physics
Charged Higgs bosons H=* instead of W boson
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B- > 1t~ v_— event selection

Fully reconstruct one B meson in the event (tag B) and compare the remaining particles with

the signature expected for the signal decay

Tag B reconstructed in a set of hadronic final states
—(»)0 i

BE - D™ + nt/ pt/ of ) DP*

- g e

Full reconstruction — D w'/D~ — Dg~

K ﬁl — 7 modes, D — 6 modes, ﬁ; —+ 2 modes
B’ H—,/ i 10"
Y(4S) L S
e e > Charged B
(8 GeV) (3.5 GeV) Ve o
s N = 680k events
B - Ve ST off = 0.20%
" w "
Signal side | T 2 purity = 57%
Va LE
n I
Signal region: ",
Beam constrained mass: My, = /Ef, . — ph > 5.27 GeV/c* ©414/fb
Energy difference: -0.08 << AE = Eg — Eye < 0.06 GeV
[
12 522 5.24 5.26 528 53
M (GeVicz)
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HER AR did e
T Event candidate B 2 1t v,
BELLE
Bt — D¢t --X'T:is{xi
(— K ntn7)
B™ — 7(— evip)v
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B~ > t v, -results

Branching fractions N P
Ns
B(B-—1tb)=—"> =V e
2e.0€elNBE

+0.34 +0.22 i —4
= 1.067 5 (stat) Ty 55 (sys) x 10 T evw  re—
First evidence of purely leptonic B decay

(SM exportation : B = (1.59 & 0.40) x 10™)
=> Result is consistent with SM expectation.

T—TY ‘e -
1=’y e

Using V.., from HFAG average T 3y

Vi = (4.39 & 0.33) x 107° -
= fp = 176152 MeV Combined @~
First direct measurement of the B meson decay constant

SM prediction @+

L 0 v 1
0 (.0005 0.001
14 B(B—1v)
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==

b Impact of the fg measurement

When interpreting the B, oscillations measurement, can
replace theoretical predictions of fg with experimental data

B decay constant ren. group

193+29 MeV inv. param. NLO QCD corr.

(LQCD) % 341()’- 12 0.55+0.01
LQCD

208+27 MeVv 1.10£0.15

(QCD sum rules)

\ (QCD sum rules)

2 1.52 2
N A T
7

230MeV | | 167GeV 8107 1]0.55
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Impactof B > v v,

1.5 T T T
[ ——— ! Constraint in the (p, 717) plane from
0 CKM fit ko 1 B(B~™ — &) and Ama
I B(B — 1v)
] Am
05 | -
I f _ |Vub|é£
1 | Vial?
i 3, g
= 0 I 1 7 +7
1 1= (X/2)4 (1 — p)? + 7?
[ ]
05} =
i assmnﬁg
olBR,, )0
_1 .
: % | Constraint from B* —t'v, and am,,
T S [ S I NP PR |
Kl 05 0 05 1 15 2
P
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=it Charge Higgs limits from B- > 1 v,

If the theoretical prediction is taken for fg = limit on

charged Higgs mass vs. tanpoo

B(B — 1tv) =B(B — TV)gy X TH
2

m
= B
m

H
i +0.29
= ry = 0.6719%

2501
N: :
> 200
[5) L
o L
2 |
2 [
< 150
+ r
I "
100(-

: LEP Excluded (95% C.L.) i

5(} 1 L 1 I ' 1 1 ]{ L 1 L I 1 1 1 I 1 1 1
0 20 40 60 80
31 tan 3
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