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ol Outline

= Physics motivation
= PEP Il and the BaBar Detector
= Data sets

= Results:

= Mixing parameters for the time-dependent amplitude

analysis of DY — 7t 7~ 7Y,

arXiv:1604.00857, submitted to PRD

= Differential branching fraction, form factor and CKM

element extraction from D° — 7~ etw,.
Phys.Rev. D91 (2015) no.5, 052022
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W) Physics motivation

= The charm quark is the heaviest up type quark that forms
a bound state: D D*
= Unique laboratories to study nature: e.qg.
= (differential) Branching fractions;
= Neutral meson mixing, and CP violation;
= CKM matrix element determination:;
= Form factor measurements.
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W) BaBar & PEP-II

= Asymmetric energy e*e™ collider operating primarily at
the Y(4S).

At the SLAC
National Laboratory

W * Asymmetric design.

* Central tracking system

== - Particle Identification System
* Electromagnetic Calorimeter
* Solenoid Magnet

* Muon/K?, Detection System
* High operation efficiency
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W) B Factories are charm factories

= BaBar recorded 524fb~" during the operational lifetime.
= ~500M B pairs (0=1.2nb for bb production).
= ~500M D mesons (0=1.3nb for cc production).

= Reconstruct events using a D* tag via:
ete” = ce— D*"X; D*t — D'z

= Charge of slow pion tags the flavour of
the DO at point of creation.

= Am=m(D*)-m(D) is a powerful
background suppression variable.

= B background and other D decay
background may also need to be
suppressed.
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« RESULTS: D° — 7t~ 70
= Using 468.1 fb~1 of on- and off-peak data.
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wQf

= DY = g qnf

arXiv:1604.00857

= Study mixing in charm using the small AM and Al
approximations:

T —0
/ |D12) = p|D") + q[D")
Do

D* < I S g AMzml—mg
\Ell N~ ; _ 3 AF:Fl—FQ
pehpOSI'to;’ CPFlav_ 9T [ = (T} +Ty)/2
= x andy are O(%) level parameters given by:
AM AT
r = and Y — ——
21

= Assume |g/p|=1 (no CP violation in mixing).
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W) B arXiv:1604.00857
ik DY - ot 7Y

= Measurements of x and y teach us about D° « D°mixing.
= Final state is analysed as a function of the Dalitz plot

+ O 2220001 A L -
coordinates s+ = m?(7=7"): Sl A74foldata i fli oo -
8180005—( ) P11 =
IM(D0)|2 o le—I‘Dt {|A |2 [COSh (yI‘Dt) + cos (ert)] %160002— - Combinatorial _i
2 f -|>J14000;— ) - Broken-charm =
+ |ng|2 [cosh(yI'pt) — cos(zT'pt)] 120001 | E
10000}~ ; g .. =
g .-\ . 8000F- | ¢ Preliminary -
-2 [Re (EAfAf) smh(yI‘Dt) 60002— N125K events _;
q .. 4000 : =
—Im (—A}Af) Sin(wFDt)] } , (1) 20002— =
P 0% 0.142 0.144 0.146 0.148 0.15 0.152
A m [GeV]

= Dalitz analysis uses Isobar model description as a sum over
many intermediate partial waves

As(s_,84) = Af(sy,8-) = chWk(s+,s_)
= Unbinned extended ML fit using (k300Fit.

R. Andreassen et al., IEEE Access 2, 160 (2014).
R. Andreassen et al., J. Phys.: Conf. Ser. 513 052003, 2014.

http://eithub.com/GooFit/GooFit
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arXiv:1604.00857
W

= DY = g qnf

= Measurements of x and y teach us about D° « D°mixing.

= Final state is analysed as a function of the Dalitz plot
coordinates s+ = m?(7T7?):

g [,V T m 474 b data |
o 10000 —
IM(D%)|? le_FDt {|Af|2 [cosh (yI'pt) +cos (zI'pt)] & | g ypes:
2q_ § 8000 - Combinatorial ]
+ |5Af|2 [cosh(yI'pt) — cos(zI'pt)] : I 5rokenchem :
6000 -
-2 [Re (gA;‘ch) Sinh(yrl Dt) 4000:— Preliminary —:
P ook ~125K events |
—Im (gA}Zf) sin(:z:I‘Dt)] } , (1) - 3
p

98 182 184 186 188 19 192 194 196 198
m(n*n ) [GeV]

= Dalitz analysis uses Isobar model description as a sum over
many intermediate partial waves

As(s_,84) = Af(sy,8-) = chWk(s+,s_)
= Unbinned extended ML fit using (kBooFit.

R. Andreassen et al., IEEE Access 2, 160 (2014).
R. Andreassen et al., J. Phys.: Conf. Ser. 513 052003, 2014.

http://eithub.com/GooFit/GooFit
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arXiv:1604.00857
WO

= DY — gxtp— 7V

= Measurements of x and y teach us about D° « D°mixing.

= Final state is analysed as a function of the Dalitz plot
coordinates s+ = m?(7T7?):

s [N m 47410 data |
0\[2 l —I'pt 2 Swooo_ Background types: B
|IM(D")|* x 5¢ {|Af| [cosh (yI'pt) + cos (z'pt)] & ]
q § 8000 - Combinatorial ]

— i}
+ |5Af|2 [cosh(yI'pt) — cos(zT'pi)] 6000 B coen-charm B

This measurement allows us to
a extract x and y independently from

—2 [Re (%A}Zf) sinh(yI'pt) |
| the fit via the interference terms

|
A
I —Im (EA}AJ:) sin(a:I‘Dt)] } ,

= Dalitz analysis uses Isobar model description as a sum over
many intermediate partial waves

As(s_,84) = Af(sy,8-) = chWk(s+,s_)
= Unbinned extended ML fit using (kBooFit.

R. Andreassen et al., IEEE Access 2, 160 (2014).
R. Andreassen et al., J. Phys.: Conf. Ser. 513 052003, 2014.

http://github.com/GooFit/GooFit
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DY s nhnx

0

O(D

g 3
8 j Resonance parameters Fit to data results
— . State JFC Mass (MeV) Width (MeV) |Magnitude Phase (°)  Fraction f,. (%)
3;2-5 7 p(T70)T [1-—  775.8 150.3 1 0 66.4+0.5
T 1 p(770)° |17~ 775.8 150.3 0.55+£0.00  16.10+0.43 23.9+0.3
] p(770)” |17~ 775.8 150.3 0.73+£0.01 —1.5840.51 35.6+0.4
2 . p(1450)F |17~ 1465 400 0.55+0.07 —7.69+8.17 1.1+0.3
- p(1450)° |17~ 1465 400 0.19+0.07 —70.39+15.91 0.140.1
] p(1450)~ |17~ 1465 400 0.53+0.06 8.15+6.66 1.0+0.2
1.5 N p(1700)* |17~ 1720 250 0.91+£0.15 —23.34+10.27 1.5+0.5
i p(1700)° |1~ 1720 250 0.60+0.13 —56.32+16.03 0.740.3
. p(1700)~ |17~ 1720 250 0.98+0.17  78.88+8.48 1.74£0.6
1 - fo(980) |0tT 980 44 0.06+0.00 —58.75+2.89 0.3+0.0
- ] fo(1370) |0+t 1434 173 0.20+£0.03 —19.63+9.45 0.340.1
: fo(1500) [0+ 1507 109 0.184+0.02 7.4147.40 0.3+0.1
0.5 fo(1710) [0t 1714 140 0.40+£0.08  42.924+8.84 0.340.1
- f2(1270) |[2++ 1275.4 185.1 0.25+0.01 8.84+2.61 0.940.0
- fo(500) |0tT 500 400 0.264+0.01 —4.124+3.67 0.940.1
T s trwr sl NR 0.43+0.07 —22.10+11.70 0.440.1

0.5 1 1.5 2.5 3
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Choice of amplitudes comes from: PRL 99, 251801 (2007).

N 1 T 1 T T
1600} e
& 5
131400 . e -
S C P s ’
S1200F reliminary
£1000}- =
2 i ]
Ww 800 ]
600F .
400F .
200} -

0' - T—‘TL\,:TA—.T e e e e el eSS PPN
0 0.5 1 1.5 2 25 3
m2(x* ) [GeVF]

11



wQf

= Results:

DY s ptg—
r = (1.50 + 1.17 4 0.56)%
y = (0.19 + 0.89 4 0.46)%

7_‘_O

arXiv:1604.00857

= Fit for 1y as a crosscheck: good agreement found with PDG:
Measure Tp = 410.2 + 3.8 fs vs PDG value of 410.1£1.5 fs

= Statistically limited measurement; systematics are:

DIS 2016

Source z (%] y (%]
“Lucky” false slow pion fraction 0.01 0.01
Time resolution dependence

on reconstructed D° mass 0.03 0.02
Amplitude-model variations 0.31 0.12
Resonance radius 0.02 0.10
DP efficiency parametrization  0.03 0.03
DP normalization granularity @ 0.03 0.04
Background DP distribution 0.21 0.11
Decay time window 0.18 0.19
o cutoff 0.01 0.01
Number of o; ranges 0.11 0.26
o parametrization 0.05 0.03
Background-model MC time

distribution parameters 0.06 0.1
Fit bias correction 0.29 0.02
SVT misalignment 0.20 0.23
Total 0.56 0.46

dominant for x
dominant for y



arXiv:1604.00857
\C’-'-Q—"! DY & nr =70

(Consistent with WA)
y = (0.19 £ 0.89 + 0.46)%

= Proof of principle time-dependent Dalitz plot mixing
analysis for charm.

= c.f. World Average as of Charm 2015

[
—_—

X no CPV
= 1.2]
1
Parameter No CPV No direct CPV CPV-allowed 95% CL Interval s
in DCS decays E
z (%) 0.49 7513 .44 T332 0.37 £0.16 0.06, 0.67] 4L
y (%) 0.61 +0.08 0.60 + 0.07 0.66 007 [0.46, 0.79] 2[
- o b of
-0. : ’i1c
3 20
[ H3c
: -0.4-
= Belle Il will have 100x the data to : -
. . _0'—0.6 -04-0.2 0 0.2 04 06 08 1 1.2
improve on this result. < ()
DIS 2016
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« RESULTS: DY — 77 et v,
= Uses 347 fb~! on-peak and 36.6 fb~! off-peak data.

DIS 2016 Adrian Bevan
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Phys. Rev. D91 052022

W) DO N T 6+ U, arXiv:1412.5502

= Measurements of:
= Differential branching fraction;
= CKM matrix elements: |V 4| and impact on |V ,|;
= Form factors.

= Semi-leptonic rate is:

i G
dg?dcosf, 3273

T 2 * .
(IVeal % [£T. p(@®)])” pE3(¢*) sin® 0.

p,.*: ® momentum in D rest frame
a* : (PpPr)’
0, : angle between e’ in the ev rest frame and the & in the D° rest frame.

fr, ,(q*) :form factor

DIS 2016 Adrian Bevan 15



Phys. Rev. D91 052022

W) DO N T 6+ U, arXiv:1412.5502

= Measurements of:
= Differential branching fraction;
= CKM matrix elements: |V 4| and impact on |V ,|;
= Form factors.

= Semi-leptonic rate is:

T | G
| dg*d cos 0, - 32773

T 2 * .
(IVeal < 1£T p(@*)])” P (%) sin® .

Differential rate provides a baseline measurement to interpret
underlying physical properties of these decays.

Also report the product ‘Vcd| X f i, D (q 2)

DIS 2016 Adrian Bevan 16



Phys. Rev. D91 052022

W) DO N T 6+ U, arXiv:1412.5502

= Measurements of:
= Differential branching fraction;
= CKM matrix elements: |V 4| and impact on |V ,|;
= Form factors.

= Semi-leptonic rate is:

i G
dg?dcosf, 3273

T 2 .
(1Veal|x 1fT. 5(@)])” p(¢%) sin® b,

Using Lattice QCD we can extract [V ).

DIS 2016 Adrian Bevan 17



Phys. Rev. D91 052022

W) DO N T 6+ U, arXiv:1412.5502

= Measurements of:
= Differential branching fraction;
= CKM matrix elements: |V 4| and impact on |V ,|;
= Form factors.

= Semi-leptonic rate is:

dT G2,

= Ve
dg?dcosf, 3273 (‘ al >

s 2 .
770(@))* P2 (¢%) sin® b

Using CKM Unitarity: |V 4 = [V A, we can extract J i D ((12).

A% 0.2252 + 0.0009; PDG

usl o

us| o

DIS 2016 Adrian Bevan 18



1412.5502
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O 5 n7e V.. branching fraction

Use Fisher discriminants to suppress backgrounds from e" e~ — BB

and e"e” — cc.
Obtain 9926 events with an estimated background of 4623 events.
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O 5 n7e V.. branching fraction

Use Fisher discriminants to suppress backgrounds from e" e~ — BB

and e"e” — cc.
Obtain 9926 events with an estimated background of 4623 events.

|ngi

- non peak

IM'uds + tau

&% signal

(a0s
%

BT
R0

S
s
O oo
o 3 5
IS
B IS
s
R S
R RRIIILIS
SIS
RIS
RIS
RIS
oot
s
s
RIS
RIS
RIS
L

s
S5

55
RIS
RESRRORK

1
e

(1Y Wi ‘.L._A»\ Ll
cosf
20

-0.75-05-025 0 025 05 0.75

W
s
RIS
RIS
S

1073

55
RIS
RIS

% 2%

SIS

SR
o

7)

070 Ul SJuoA

8a]

-1

BR = (2.89 £ 0.08) x 10~

c.f. PDG 2014

(norm.

4.“4.4.“.4.%%.‘
B
o
5

non peaking
B events
[l light + tau

2%

=
2

b=
P
53
5
%
%
5
R

X
55
%
35
SRR
=
2058
s
3
2%

X
35
%

2
%
5%

%
0%

%
o

T
RS
255
2555
S
S85
oSS
5

5
IR
s

S5

55

oo
5
X
5
:

%
o3

5%

RS

RIS
RIS

s

%
5
RS
5
s

5
RS
s
IS
S SS SIS
s e

® data

030
S
355

5
SRS
s
8%

S5
5

oo
S
eteoeees
SRS
%

ooooonuoounuono. Ssastoreerateratetst
OO
SRR

s
5
o
S

%
%

5

5
o

5
5
S

35
235553

5%

0%
%

BRI
RIS
3 Sosateratatetesatosatoretetetetetorstols
SIS
KBS
SIS

5

55

35
5

%

oo

555

s
ot
s
s %S
s
SRR

s sott
RRIEIEEEEEHES lolele

AD €0/ SIuaryg

=l
=)
wv
—

7

(syst.)

3
s8]

(stat.)

Adrian Bevan

et
55

%
e

(D - K—7T)

+.

Q5%
oS

2
s
%

2.770 £0.068 = 0.092 = 0.03

55
s
B R IISIIIZE

335

5 5 5
s
SR

Rp =

Rp =0.0702 £ 0.0017 £ 0.0023

m(D’)-m(D°) (GeV/c?)

(D = 1 etr,) = (

I
= o
R =)
L = 3
o O
Ry - —c2 4+
2 ® =] 9 ¥ -~
lo| = €S oc <
a| ¥v = D20 00 o,
O S0 % n a c M- =
ro| 85 3s
‘m| o =9 — il
Gm @ pbwry w f fa
| og o o m
=0 S0 w
oS oW i
r oX Do i
o e ‘
-]
[y
o
e}
[}
o4
MJ o © 2 t...vmv&mmm

Normalise signal to D> K-

0.15 0.175 0.2 0.225 0.25 0275 0.3

,
=) =l
=) =3
= =}
on N

No\\/oz ¢ ul SjuoAq

]
DIS 2016



. Phys. Rev. D91 052022
WO DO — T @+ye . |Vcd| arXiv:1412.5502
< 80000 { |
2473 B(DO +1,) 3
T — metr, i
|[Veal X fi,D(O) = \/ o2 —— 2 * *
F De S 60000 {
is DO lifeti 410 f : *
| > B
Tp IS ifetime (410 fs) 5 ao000 | +*
Doz | . i I
PP L@ +
T 7y 0)|2 q 20000 e unfolded spectrum
750 | *
| — statistical uncertainty *
Veal X £7 p(0) = 0.137440.0038£0.002240.0009 o . ' .
’ (stat.) (syst.) (norm.) 0 1 ) 3
q’(GeV?)

= From Lattice QCD f", ,(0)=0.666+0.029.

H. Na, C.T. Davies, E. Follana, J. Koponen, G.P.
Lepage, et al., Phys. Rev. D 84, 114505 (2011).

= Hence:

V.| = 0.206 + 0.007¢yp + 0.009, oep.

Adrian Bevan

DIS 2016 21



. Phys. Rev. D91 052022
WO DY ST @+ye ;f'“'_l_ D(O) arXiv:1412.5502
< 80000 { |
2473 B(DO +1,) 3
0 — 1 ety, i
|[Veal X fi,D(O) = \/ o2 —— 2 * *
F De S 60000 {
is DO lifeti 410 f : *
| > B
Tp IS ifetime (410 fs) 5 ao000 | * *
Doz | . i I
BRI P +
T 7y 0)|2 q 20000 e unfolded spectrum
750 | *
| — statistical uncertainty *
Veal X £7 p(0) = 0.137440.0038£0.002240.0009 o . ' .
’ (stat.) (syst.) (norm.) 0 1 ) 3
q’(GeV?)

= Assume CKM Unitarity: |V 4| = |V = 0.2252+0.00009.

= Thus:
f”+,D(O)=O.61 0+0.020+0.005.

Adrian Bevan
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Phys. Rev. D91 052022

@ DO — 7T_6+V€: |Vcd|f"+,D(q2) arXiv:1412.5502

= Unfolded differential decay rate translates into a
differential measurement of |V , |f™, (9?):

v 80000 ———— O e \
E : g‘o 6 BoBar data 4| 5 004 | — BoBar. zexpansion )
o + * B ’ (l/,,/"/ L ... HFAG (2012 average)
= 60000 * > __z—expansion a4 <
|72} [ —
= +
5 * | __ effective 3” pole |
> L | 04 = 5
®© 40000 |- t * . > of
i * . -0.02 =
20000 o unfolded spectrum + 0.2
L —— statistical uncertainty ] 20.04 ; Form factor normalised ;
- bt | | | to HFAG %012 average 1
0 L L L I R S T B L L] 0 I I I I I I L I I I I I I I I 1 I
0 1 2 3 0 1 2 3 0 1 2 3
2 2
2(GeV? (GeV) 2 (GeV)?
q q q

= Good agreement with z-pole expansion model over all g2.
= Good agreement with HFAG.
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W) Implications for |V

Application: V , extraction

e Comparison with other V , determinations:

Inclusive (PDG ‘14)

—l—
Exclusive (PDG ‘14)

——

~—&—  LHCb (A,—puv) [LHCb; arXiv:1504.01568]

——
BaBar (3 poles) BaBar (charm) [BaBar; PRD 91, 052022 (2015)]
——
—a— [Lattice (FNAL, MILC) + BaBar,Belle;
arXiv:1503.07839]
2 25 3 _ 35 . 4 45
V,, x 103

- BaBar systematics of different origin, expected to be reduced by Lattice calculations:
— o fz(q?)/f, (q?) form factor ratio as function of E,. (or w)
o

HEP-EPS, Vienna Arantza Oyanguren 15
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) Conclusions

= First time-dependent mixing parameter amplitude
analysis in D° — 7#t7~x% that yields
r = (1.50+1.17 £+ 0.56)%

y = (0.19 4+ 0.89 + 0.46)%

= Results consistent with World Average.
= Used GooFit (fitting package based on CUDA).

* Proof of principle measurement: Belle Il will be able to
take this much further with their expected larger data

samples.

= Measured the branching ratio of DY — n7eTv, and used
this to determine

Vel  =0.206 £ 0.007gyp + 0.009, ocp;
f1, 5(0) = 0.610  0.0204p * 0.0055,

Phys. Rev. D91 052022, arXiv:1412.5502
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RO Additional material

= Time evolution of charm decays.
= More on the accelerator.

= Background suppression and differential branching

fraction for D° — 7w et w,.

= Where to find out about the broader physics programme
of the B Factories.
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{07 Time-evolution of a DY meson

» Reconstruct the signal viaete™ — c¢ — D*TX: D*t — Doﬂ';l_

T —0
- Dy2) = plD°) + q|D°)
Do AM =mq — mo

D* > -~ 30
R ) AT =T, — T,
Der.
T pOSI-tO;’ CPFlav [ = ([ 4+ y)/2
1+e2T%)  Re())) 1— )2 2Im(\,)
P’ — it | Lo (1 —eBT) 4 eAT82 [ L cos AMt — L sin AMt
IN{ f)oxe 5 +1+|/\f|2( et +e 1_H)\f'?cos 1+|’\f|281n

—0

PP — ) ocetot [LEETT) | _Re)

1— A 2I'm(\
2 MEERIWE (1) + e (— ] cos AMt + m f)sinAMt)]
I

L+ A2 L+ [Af]2

= Neglect CP violation (small) and use the fact that Al and AM are
small to analyse in terms of x and y.

AM AF Af = ‘2% etPMIX v etPcp
xr = and Y — —— l
21 !
1 0
DIS 2016
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W) BaBar & PEP-II

= Data was taken from 1999 through 2008
. MOStly at the Y(4S), - IBAIEI’;ARldat<|91 tal|<inglperilodsI

= Some "off-peak” just below & v ) o
the Y(4S); at the Y{(2S), gl -
£
Y(3S) and a high energy B oL k
scan. =™ R
1%99 2000 2001 2002 2003 2004 2005 (:zgloesndza(:?;eazroos
= 524fb-" recorded in total. v
—~ _ FY npea
e s Above Y (4S
% 205_ Y (3S) Offpeezk
. . .. .g E Y (2S) Offpeak
= High operational efficiency & .;
throughout data taking. o
= Re: charm: large cross section | / —
0‘(6 6_ % CE) 10.58 Gev — 1.3nb 2007 December January February March AprgateZOOS
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PEP-11

Parameters PEP-I1
Beam energy (GeV) 9.0 (e7), 3.1 (e*)
Beam current (A) 1.8 (e7), 2.7 (e™)
Beam size at IP  z  (pm) 140

y  (pm) 3

z  (mm) 8.5
Luminosity (em™2s71) 1.2 x 103
Number of beam bunches 1732
Bunch spacing (m) 1.25
Beam crossing angle (mrad) 0 (head-on)

* Y(4S) boost: By=0.56.

* Two separate rings brought together at BaBar IP for

collisions.

DIS 2016

Damping

S
Main Linac -

Adrian Bevan

25 T ——— :
= [ %

20f 1 as :
2 [ I

gt ! Y(4S) :

& [ 1 (25) i

s B :

S off-peak :

T 1o * '. - (38) p -

Idj i ; *L‘ ?' L* - R

[ Y -FJ; 't g 45 _'

b [ ¢ bavy e RV WL L L I

|:| I P B | T T M B SR T M BT SR R M

944 945 10,00 10.02 10.34 10.37 10.54 10.58 1082

Mass (GeVic')
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YaY ~
s D + keround suppression

1.3nb for ccbar; 0.525nb for B'B~ and BB®ar; 2.09nb for uds continuum events

lized events

N

- - N —
0.14F Slgnal 0.14 /) Signal
C XY Background u Y Background
0 A2 ul » 0.121 o
- - i—‘ - -
C ] o u ]
0.1 . e 0.1 -
— ~ o - |
0.08F 7 . 3 0.08F -
N 7N, 4 N L ]
C :/ %/ . = - 7
0 06 C :':‘:':o, % / ] é 0 06 C ‘0’:3‘:05‘:::“ ]
0.04 - ’ou '::'“é/ - © 0.04 - RS ."“.‘ 3 -
- .:.:.:.:.:.:.:‘:.:IE.,./,‘ 1 “ - .
— ‘2’3’3’2’1‘33’3‘2322: — — —
o [ 0‘0:‘0::::::“ - . - |
NS ,,,,;.;‘33325zii3332325352533:512523,32iiiiii,. // ] N :2;2*2‘2:2'3"2::02“2:2‘:‘2‘2'3’:2:32'::2'2.‘ . ]
4 3 2 -1 0 1 4 5 -3 -2 - 1 0 1 2 3
Fg T Fe

Use 2 Fisher discriminants for background suppression: /' = o~ .

For B suppression we use:

DIS 2016

R, ; the ratio of 2" to 0" FW moments;
Total multiplicity of charged and neutral
particles detected;

Momentum of the slow pion: n* used to
reconstruct the D*.

For D suppression we use:

= D momentum;

* mass of spectators in the signal hemisphere (i.e.
no signal);

= Angle between momentum sum and thrust;

* |p| for leading spectator;

=  Angle between leading spectator and DO
directions;

*  Angle between leading spectator and thrust axis;

= Direction of lepton relative to pion in ev frame;

* Charged lepton momentum in CM frame.
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eds efficiency for D° — 7 et v,

= Efficiency varies linearly with g from 1.6% at low g2 to
.0% at high g2.

e data peaking
non peaking

Z

—
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]
)

80000 . w — —

|

2>

]
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]
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o

— Bevents
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Stostotetetetons
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Sosusee
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e
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events / 0.3 GeV~
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Q) (1) Impacton V,

= Relate D decay to B decay via:

mp B (|vub| ) 2
Rgp =1.8+0.2
(average of available calculations)

dBB B aBP
dw  dw

% | , ] Scaling the differential spectrum from this result
ém - { [ \ + | }- i using the exclusive V  result from BaBar shows
cg j, - }’ good agreement between the two.
2 A{* ’ : . L
So0s - il Required as the same V ; 1s being used for both parts
/ [ o : of the comparison.
o D decays, scaled (exclusive Vub) |
o] This plot uses:
s s Vi | = (3.23 £ 0.31) x 1073

* Fitting the D decay spectrum with a 3-pole model allows
us to obtain:|V,,| = (3.65 & 0.18,,,. &+ 0.40g,,) x 107?
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wOs

LY (2) Impacton V,,

= Relate D decay to B decay via residues in the 3-pole

anzatz:
]. d2 ) 10_4,“ ]

fT 5(¢*) = Res(fT g)p- - 5 '
+,B( ) ( +,B) sz* — g2 mQB;" e }é SIS

d S B

3 : R ¢

— thds =1 — d». . 0
m2B;,—q2>’Wl 3 2 ( 2 o <>

The ratio of residues is: v bbby ; * o
RGS(fi,B)B* . m%@m%z fB* fD .&B =6.0+0.2+1.0 10 2 TT I + : +
Res([T )b mlPml fp fo-dp - b t 1
+,D/)D mp«Mp B JD* YD | effective three-pole fit |
- © B component ]

B'+B’ components

where: T T
m(B*) = 5.941 GeV 0 5 10 15 20
f./f, = 1.02+0.02 (lattice) q(GeV)

fg+/fg = 1.06+£0.01 (lattice + data)
effective mass of the third pole is (7.4+0.4) GeV

= Yields:
Vaus| = (2.6 £ 0.26xp. & 0.4thoory) X 1072
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ey D° — 7~ et differential branching fraction

TABLE VI: Differential branching fractions (AB(D° — 7 etve)) in ten bins in ¢, spanning from 0 to ¢2,.. in GeV? (second
row), with separate statistical and systematic uncertainties and correlation matrices below. The second row lists the values of
the differential branching fraction integrated over 0.3 GeV? intervals (quoted in the first row). The off-diagonal elements of the
correlation matrices are provided for both the statistical (upper half) and systematic (lower half) uncertainties. The diagonal
elements refer to the uncertainties (x10?). The uncertainty on the normalization channel (see Eq. (15)) must be added when
evaluating the total uncertainty.

¢> bin (GeV?) [0.0, 0.3] [0.3, 0.6] [0.6, 0.9] [0.9, 1.2] [1.2, 1.5] [L.5, 1.8] [L.8, 2.1] [2.1, 2.4] [2.4, 2.7] [2.7, qux]

AB x 10° 0.5037 0.4672 0.4551 0.3827 0.3037 0.2664 0.2110 0.1235 0.0477  0.0090
stat. 0.0257 -0.3345 -0.1429 0.0732 0.0121 -0.0097 -0.0024 0.0004 0.0004  0.0003
uncert. 0.0315 -0.1420 -0.2417 0.0401 0.0311 -0.0034 -0.0050 -0.0007  0.0003
and 0.0290 -0.0852 -0.2376 0.0205 0.0368 0.0034 -0.0062 -0.0062
correl. 0.0283 -0.0110 -0.2395 -0.0223 0.0330 0.0119  0.0034

0.0263 0.0702 -0.2221 -0.0600 0.0281  0.0382
0.0254 0.2619 -0.1551 -0.1050 -0.0614
0.0239 0.3904 -0.1211 -0.2012

0.0200 0.5148  0.2643

0.0174  0.9233

0.0057
syst. 0.0133 0.7488 0.7239 0.6568 0.6321 0.3769 0.0735 0.0309 0.1667  0.2194
uncert. 0.0174 0.8281 0.3433 0.6907 0.4597 0.1576 0.1800 0.3585  0.4216
and 0.0136 0.4608 0.6949 0.6524 0.3740 0.3482 0.4333  0.4196
correl. 0.0119 0.7096 0.4462 0.2939 0.2055 0.2310 0.1772

0.0103 0.7076 0.4513 0.4597 0.6588  0.6371
0.0120 0.8772 0.8344 0.7076  0.5088
0.0181 0.9644 0.6184  0.3135

0.0156 0.7439  0.4539

0.0087  0.9345

0.0025
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\é_,_Q‘sJ DY — 7T_6+V€ |Vd|f1T+ D(O) arXiv:1412.5502

C

This result:

Vea| % fT 5(0) = 0.137440.0038£0.0022£0.0009

(stat.) (syst.) (norm.)

TABLE VII: Measurements of the normalization factor |V.q| X fI p(0) and of the parameters r1 and r2 used in the z-expansion
parameterization of the hadronic form factor. The two sets of values for the CLEO-c (2008) untagged analysis correspond to

the m~etve and m°eT v, channels, respectively. Predictions based on four LQCD calculations, obtained using |Veq| = |Vus|, are
listed at the bottom.

Experiment ref. |Vea| X fT.p(0) r1 T2

Belle (2006) 6] 0.140 £ 0.004 £+ 0.007

CLEO-c untagged (2008) [7] 0.140 £ 0.007 + 0.003 —-2.1+0.7 —1.24+4.8

CLEO-c untagged (2008) [7] 0.138 = 0.011 + 0.004 —0.22 £1.51 —-9.8+9.1

CLEO-c tagged (2009) 8] 0.150 +£ 0.004 £+ 0.001 —2.35+0.43 £0.07 3+3

BESIII (2012)(prel.) [42] 0.144 £ 0.005 + 0.002 —2.73+0.48+£0.08 42+3.1£04

HFAG average (2012) [40] 0.146 £+ 0.003 —2.69 £ 0.32 4.18 £2.16

BESIII (2014)(prel.) 9]  0.1420 £0.0024 +0.0010 —1.84 £0.22 +£0.07 —1.4+1.5+0.5

This analysis

0.137 £ 0.004 = 0.002 £0.001 —1.31 =0.70 £0.43 —4.2 4.0+ 1.9

LQCD Predictions ref. |Vea| X f1 p(0) r1 T2
FNAL/MILC (2004) [43] 0.144 £+ 0.016
ETMC (2011) [44] 0.146 £ 0.020
HPQCD (2011) [41] 0.150 £ 0.007
HPQCD (2013) [45] 0.153 £ 0.009 —1.93 +0.20 0.37 £0.93
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