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Outline

Recent measurements of CKM elements from BaBar

e magnitudes : Vud Vus Vub

— inclusive V| Vcd Vcs Vcb
468 million BB events

update of PRL 100, 171802 (2008) V;Ed Vts V;tb

— exclusive |V,| from B — (z,p) £ v
377 million BB events

— exclusive |V fromB — D v
468 million BB events
e angles:

— v from B — D®) K*)
(three different methods)
468 million BB events

SUSY 2010, Bonn CKM elements at BaBar (M. Nagel) 2



Introduction

CKM quark mixing matrix ——cemelexphase . Jnjtarity Triangle (UT)
pamnmmanes Lsa N ELIAREE
- R i
" | AMg&AM | o CKM matrix is source of CP
o5 - 3 violation in Standard Model
- 1| » Experimental goal:
SETES @ W e 1 overconstrain the UT by precision
- - measurements to:
o E — test unitarity
1ok &y — look for signs of new physics
=i L., -
P I N IR IPTITINI AR
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

p

SUSY 2010, Bonn CKM elements at BaBar (M. Nagel) -



Introduction

CKM quark mixing matrix ——cemelexphase . Jnjtarity Triangle (UT)
el s
E v % :
“E | AMg&AM | o CKM matrix is source of CP
o5 - 3 violation in Standard Model
- 1| » Experimental goal:
SETIES R G 1 overconstrain the UT by precision
- - measurements to:
o E — test unitarity
1ok &y — look for signs of new physics
=i L., -
qslei e b b by e by BT
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
/Nobel Prize in Physics 2008\ ; *?E?‘I;B—B:" f Experimental verification I

\ Kobayashi and Maswa /

W and KEKB/Balle

.

A\

SUSY ZUIU, Bonn

\ provided by the B-Factories! J

CKM elements at BaBar (M. Nagel) 4



Magnitudes most accessible in semileptonic B decays

Parton level I £

w %
b >
V;b > VYC’\
u,c

Matrix element decouples into M = ﬁ\/b L
~ o

: : q
hadronic and leptonic components: V2
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Parton level I l
ub’ \

Matrix element decouples into

hadronic and leptonic components:
Quarks bound to color-singlet hadrons — QCD corrections
Inclusive approach

— Study distributions from B — X, £ v (X, = anything)

— Theory: Operator Product Expansion (OPE)
Exclusive approach: i

independent
theoretical
uncertainties

— Study a specific decay M
— Theory: form factors
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Inclusive | V,

Tag B fully reconstructed in hadronic modes; lepton on signal side

Experimental challenge: separate rare B — X, £ v signal from
dominant B — X, £ vbackground

Select phase space regions where charm background is suppressed,
measure partial branching fraction

Increases model-dependent theoretical uncertainties

Use lepton momentum p,, hadronic invariant mass my, squared
momentum transfer g%, and P, = Ey - |pyx| as discriminating variables

M. Sigamani — ICHEP 732 (2010)

ool | T g AELANSARARARSS C
Estm: - ] = My <|1.7 GeVic? ] s | |_.
£ 1 BAIBAH: £ = g Elmﬂ__
Lﬁm_ preliminary- Lﬁ W ;5’ L
2000 My <17GeVie™ £ |
—— [ = ADDr —
S 100k g |
Toot { 200L ]
50t I
: ' |
C 1 1 1 II 1 Gl I|||||1I||||
0 5 10 15 20 25 0 2 3 4
q* (GeV’ich P, (GeVic)
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Inclusive | V,

« Determine signal yield with fit to mys = (Eyeam - P59

Y2 distribution

e 6 BFs corresponding to different regions of phase space
e Most precise result for full (My,g?) phase space with p*, > 1.0 GeV:

ABF (B — X, ) = (1.80 £ 0.13 + 0.15) x 103

— M. Sigamani — ICHEP 732 (2010) —

B\BAR(M <1.7.9°>98)

For each phase space region, translate partial

42240225053 —-+-— BF into |V, | using 4 theoretical calculations
BABAR (M_< 1.55) : (BLNP, GGOU, DGE, ADFR)
403+0.19+025 ——e=
BABAR M_< 1.7) |
39140214 0.25 —— . .
unweighted average over 4 calculations:
BABAR (P < 0.606) :
3940244029 A BABAR
I i . s — + _3
?22/:1;(50; 1.3) pre“mmary |Vub| (431 T 035) x 10
BABAR M, ¢°. %, > 1) i ...for full (My,q?) phase space fit with p*, > 1.0 GeV
Belle (M_, g%, p* = 1.0) i
14640274021 -
HFAG (BLNP) Ave.* exp. * theor '
432+ 0.1(6i0.23) - ot | +
I | L 11| | I | | | | E | I
0 1 2 3 4 5 6
V,, [<107]
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B° — 77 ¢Tv in 6 g* bins J

Combined analysis of B— srf v and B —p { v in untagged events 1 signal

Reconstruct neutrino from missing 4-momentum

B B—X.

Large B — X, { v background, suppressed by multivariate techniques| [__] other BB

Low g2
0 < of <4 GeV?

L BABAR

preliminary

3 BABAR

preliminary

-1 0.5 0 0.5 1
AE (GeV)

arXiv:1005.3288[hep-ex] ] 99
Mid g2 High g2
.EEHI} 8 < ¢ < 12 GeV? %m [ > 20 GeV? ;
2 400 T 300 -
= g =] L
<300 f BABAR & 200 -
O 200 preliminary Pid [ BABAR
LI preliminary
100 100 _
0514 515 52 525 051 515 52 525
mg (GeV) Mg (GeV)
:l'-il 400 - preliminary
2300 |
200
100
0y 05 o0 05 1
AE (GeV)

Binned ML fit in my, AE, and g2 for B — (z%/7%p?/p”)¢v simultaneously with isospin constraint
BF (B — 7 #*v) =(1.41+£0.05+0.07) x 104
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i dl'(B — 7wl G2 3
differential decay rate ( ) = |V, bF r|P= fi(q )] arXiv:1005.3288[hep-ex]
q? " 2473 T
6 -6
— 12519 | . & 12?10""""5'{"
h B h B . ata
% s oS & <> 6 ¢ % 1oL BGL (3+1 par.)
~ j Y] . 5 o L . 4 ENAL/MILC
T 8L os S 87 4 FNAL/MILC fitted ]
3 Be =S |
= X o o ; 7
% 6 0.25 < 6: 1 I 1 g
0.2 o Sl b
4 0.15 4: J d b :
| 0.1 " | BABAR [ .
2| BABAR 0.05 2: preliminary YN ]
- | preliminary AT
Ohu Ll P IR I 0.8025 0.003 0,0035 0.004 0.0045 0.005 ° 0_"..\‘...\....|..‘.|.‘..|‘
0 5 10 15 vV, 0 5 10 15 20 25
N o (GeV?)
form factor from theory | A = ‘f‘quz FNAL/MILC: PRD 79, 054507 (2009)
N\ 0 Simultaneous fit to data and theory
E (lattice QCD), over full g2 range:
Extract |V, V| = A — mly)
xtract Vel | [Via| = oA ® |Vl = (2.95+0.31) x 103
¢* Range AB AC Vi
(GeV?) (107%) (ps) (107%) UT Fit Values
@ LCSR1 0-16  1L10£0.07 5444143 3.63 +0.1270% global “all other” fit = (3.48 + 0.16) X 103
LCSR2 0—-12  0.88+0.06 400758 3.78+0.13707) average: < exclusive ¥ 1nclusive
A HPQCD 16—26.4 0324003 2024055 3.21+£0.1775
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exclusive |V | from B —

dl'(B — Dtv)  G%|Va!’

M3 (Mg + Mp)?(w? — 1)3/2G% (w)

dw ~ 48m3h
G(w) = form factor : Caprini et al., Nucl. Phys B530, 153 (1998)

ME + M3 — ¢° :
w = SN, ... D-boost In B rest frame

* B— D ¢ v with hadronic tag
* Reconstruct neutrino from missing 4-momentum
* significant background from B — D* v

(larger BF, undetected slow n°)
* inclusive B — X, { v used as normalization sample
* most precise measurement of B— D { v

B(B — Dep) = (2.15 4+ 0.06 & 0.09)%

 unquenched lattice calculation  okamoto et al., Nucl. Phys. B,
of FF to extract |Vcb| . Proc. Suppl. 140, 461 (2005)

|Vep | =(39.2+ 1.8+ 1.8 +0.9,) x 10

 good agreement with |V | from exclusive B— D* { v

| Vip | = (39.1+ 0.6+ 0.85) x 10
PRD 79, 014506 (2009)
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CKM angle y from B — D) )  Teees

angle y # 0,n < direct CP violation ) /‘;DE*J“
| B[] wy_
* measure interference between tree - .
amplitudes b — ucs and b — cus y \ ()
: - i SN KW
e use final states accessible from both
D’ and D’ LN
= - - - ) . LR
» clear theoretical interpretation in I_.i.:—éf‘:;w'
terms of y qb S e N
* observables depend on y, r5, and o B | [ | D)0
\Wi . WS
U
y = relative weak phase . small BFs due to CKM- and/or
A(b — u)

color-suppression
« disparate magnitudes

rp =

A(b — ¢)

= magnitude ratio

5, = relative strong phase — Measurements are statistics limited
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Giri, Grossman, Soffer, Zupan, PRD 68, 054018 (2003)

GGSZ: Dalitz analysis of D decays into 3-body self-conjugate states
Interference term in decay rates proportional to ,eg. D—> K ntr

X, =7, C08(05 %) Vs =rFysin(o, )

... large 1in some regions of the Dalitz plot

Atwood, Dunietz, Soni, PRL 78, 33E7 (1997)
ADS: DY — K* - (doubly Cabibbo suppressed); D’ — K* n- (Cabibbo favored)

branching fraction ratio

charge asymmetry
R -R’ - -
— =211, sin(d, +0,)siny /R

|
RADSZE(R +R ) =15 +1; +21,1, c08(0, +5,)cosy AADS:m

Gronau, London, Wyler, PLB 253, 483 (1991); PLB 265, 172 (1991)

GLW: D — CP-even (K*K"...) and CP-odd (K, 7’ ...) eigenstates
both D and Dare Cabibbo suppressed

+2r,sino,siny

2
Rop, =1+7, £2r,cos0, cosy Acp.s

1+ 7, 27, cosd, cosy

Updates based on complete BaBar data sample (468 million BB pairs < 426 fb'1)
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CP violation parameters are extracted from simultaneous unbinned ML fit to

B* — DO K®)* data using myg, AE, Fisher and the Dalitz plot distributions (s+,s-)
arXiv:1005.1096
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CP violation parameters are extracted from simultaneous unbinned ML fit to

B* — DO K®)* data using myg, AE, Fisher and the Dalitz plot distributions (s+,s-)
arXiv:1005.1096

arXiv:1005.1096
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[B — DK~ foffowed by D — K'r~

favored (h s (:)

suppressed(c — d) J

interferes with

[B — DUK_ followed by

suppressed (b — u)

DY — K+W_J

favored (C — §)

“Maximizes” CP asymmetry since “equalizes”
the magnitudes of the interfering amplitudes

arXiv:1006.4241

All components
Comb.+peaking BG
Continuum BG

o~ 18C Sub.toPRD ————]
U : lllllllllll
S 160 BABAR
) - preliminary| | [rerererenan
= 14:— a
©  12F —
N C -
= 10F E
3 - v ]
c 8 ]
Q HE ]
o ° l N E
2: ) -
L | |
g.z 5.24 5.26 5.28 5.3

m_ (GeV/c?)

First sign of an ADS signal in
B* — DK* (2.10)

and

Bt  D'K* (2.20)

SUSY 2010, Bonn CKM elements at BaBar (M. Nagel)

16



Events / (0.0008 GeV/c?)

arXiv:1007.0504
1 Sub. to PRD S

aF T N N ———d Z e " T T T3 2 F

- ) BoDK BABAR|T 3 © B — DK S SO ) B — DK’
355 o preliminary | 3 (ij sob © i - ]
30 D—-K K, 3 g E D— K+K_, E ‘:u:: 40} D— K+K-‘ E
E D — 1 — 40F Domrr 1 £ " | BABAR Do -
a5F 1 3 - — TN EIE I preliminary .H_ —nn
205 I 8 30F BABAR | -

156 4 A F preliminary |

= 3 20
105 E -

5 “} ! S N 104

0 é AR 3 I L - * NE iR

5.25 5.26 5.27 5.28 -0.05 0 0.05 0.1

Mg (GeV/c) AE (GeV)

®Use frequentist interpretation (similar to Dalitz plot method) to obtain weak
phase y and hadronic parameters rz, d5 from observables R p, and A p,

X = RCP+ (1 * ACP+) - RCP— (1 * ACP—) 0.2

) 4 > | Dalitz+GLW
x, =—0.057+0.039%0.015 0.1 :
x_ =+0.132+£0.042+0.018
oF ,
8-fold ambiguity and large uncertainty: :
* no constrain on y 01 TR
» improved accuracy of Dalitz plot results i preliminary | -
L B T B
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-+ D(*) K(*) GLW + ADS
FFCF 10 S D( ) K( ) GGSZ 3 Combined
Full Frequentist treatment on MC basis = CKM fit
1.0 T T T | T T T | _‘ T T | I, T | T T T | T T T | T |_ | T T T |
- 1 )
P
o |
0.8 F 3 _
- r L]
i i
L i A
a 06 - ' \ —
(&) i ¢ 1
' I v
= I 1
L i A
i A
f= ’ K
0.2 A -
[~ - -\‘
o.u 1 1 i1 1 | ) GE DY CE0S -.I_J ] 11 | 1 -l | 2 O |
0 20 40 60 80 100 120 140 160

v (deg)

First sign of an ADS signal in B* —

DK* and B* - D* K*

180

measurements

All methods combined :

)O

— (70

114
21

From the global fit :
= (67.773%)°

(68%CL)

also extract strong phase Jg
Descotes Genon FPCP 2010

Compelling evidence of direct CPV in
Bt — DK™+ decays

4.4s significance of CPV in B*—DK* only,
Dalitz+GLW combined

[~ | excluded area has CL > 68.3, 95 %
i GGSZ
150 —
D 100
o 100 j 7
©
S’
— W
é ombmed “' |
~ 50—
o \ .
Zo]
O - -
_ preliminary —
| Ffoééﬁﬁr naive statistical treatment (for illustrative purpose only) :
II\‘\I\‘\\I‘\\I‘\\Il\\\lll\‘\l\‘\l\
0 20 40 60 80 100 120 140 160 180

v (D(")K(%)) (deg)

SUSY 2010, Bonn CKM elements at BaBar

(M. Nagel)

15



e inclusive |Vl:
|V.,] = (4.31£0.35) x 102 M. Sigamani — ICHEP 732 (2010)

e exclusive |V | fromB — (z,p) f v:
V| =(2.95+£0.31) x 103 arXiv:1005.3288[hep-ex]

e exclusive |Vg| fromB — D v:

BABAR

preliminary

BABAR

preliminary

V| =(39.2+1.8+1.3+0.9,) x 103  PRL 104, 011802 (2010)

e yfrom B — D K, |BABAR

y=(68+14+£4+ 3)° arXiv:1005.1096 arXiv:1006.4241

arXiv:1007.0504
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frame

Encrgy Rosterarion

By atam

8 GV Elctian
o pvr b

Boam Tramsport Sysham

From Lingar —
Accelarator T HH *

o LI P

PEP-Il Asymmetric B-Factory

@ collides 9.0 GeV e~ beams and 3.1 GeV e" beams

@ operates at the 7(45) resonance at Ecy = 10.58 GeV

@ lightest bb resonance above BE threshold

@ B(T(4S) — BB) =~ 100%, B mesons almost at rest in CM

@ boost 3y = 0.56 allows measurement of B decay times

g

8

I e o Luarmin adty [

|

AQ

I\.=_|_||::é||||!-‘!

B
#,
1
*'\-El
%
#,
kY
"
y

@ peak luminosity > 10**em~—2s~! = BB production ~ 10 Hz J
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Cherenkov detector (DIRC):
charged particle identification

Instrumented Flux Return (IFR):

muon and neutral hadron identification

[l mu

Solenoid: 1.5T

Jﬂﬂﬂ[l‘

Electromagnetic Calorimeter (EMC):

neutral ene rgy measurement,

electron identification

e (31Gev)

Silicon Vertex Tracker (SVT):

tracking of charged particles

near interaction point

Drift Chamber (DCH):
momentum measurement,

particle identification through

energy loss




Discrepancy between inclusive and exclusive measurements of both |V, |
and |V, | (also between |V, | from B — tv and from semileptonics)

UTfit result
HFAG inclusive .
HFAG B-D'lv — } ~20
Unquenched LQCD 8
BaBar B-Dlv —"Quenched 5D | -

V,, (x107)
V UTfit
(not using V_ info)
ub &
HFAG inclusive (BLNP) s ,
HFAG exclusive
BaBar B-xlv .
PR I TN Y SR N AN TR SR T SR N ST SN PR SR TN N SR TR S W |
2 25 3 35 4 45

v, (x10%)

— more 1nsight from future B-Factories (Super-B?)
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% --- average CKM fit
FPCP 10 == ?XC|. — wW/olV |
- incl. ub
10 [ ' ; . : T
0.8 f— ; l' l'. —
L el E
° I ! "-, |
T 04l ' ': ]
02 ,f, “.\ I'. -
Poozs oavse  oooss  oovd oot oaose aooss
IVubl
o +0.21
| Vub|.,-'nc — 4.32_024 j: 0.45
| Vub|ave — 392 + 009 + 045

-CL

1.0

0.8

0.6

0.4

0.2

% - average .
FPCP 10 - ?XCL — Vc\:htélvll\}cltl
...... incl. cb
0.036 0.038 0.040 Ivcot.’tlmz 0.044 0.046 0.048
Vepline = 41.85+0.43+0.59

with all values x103
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