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Connection to BY - D*"ttv

From Benedetto’s talk:

B(B — D*3m)
D*) = Rpa
R(D") = Rhaa >A<. B(B — D*puv)

0 *Tv
Rua0) = i

v

Same final state

We will take the last two as
‘ external input

— Br(B° > D* ntrntrn™):
« PDG: (7.0 £ 0.8)x1073

« LHCb: (7.27 £ 0.11 + 0.36 + 0.34)x1073
Phys. Rev. D 87, 092001 (2013)

Br(B° —» D*~m*) normalization

* BABAR knows the # of B mesons produced,
can measure Br(B® - D*"n*nt 7 ™) more precisely 3



B > D*nwtm~mt reconstruction

e Useonly D*~ - D~

D? - Kt~

* Continuum suppression NN:
— 69% background rejection
— 80% signal retention

 |AE| < 90 MeV

— ~40

e the cosine of the angle between the B° candidate’s
thrust axis [12] and the beam axis;

e the sphericity [13] of the B° candidate;
e the thrust of the ROE;

e the sum over the ROE of p, where p is the magni-
tude of a particle’s momentum;

e the sum over the ROE of %(3cos?§ — 1)p, where 6
is the polar angle of a particle’s momentum;

e the cosine of the angle between the thrust axis of
the B candidate and the thrust axis of the ROE;

e the cosine of the angle between the sphericity axis
of the B® candidate and the thrust axis of the ROE;

e the ratio of the second-order to zeroth-order Fox-

Wolfram moment using all reconstructed particles
[14];

e the cosine of the angle between the thrust axis cal-
culated using all reconstructed particles and the
beam axis.
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Backgrounds

* In events with at least one signal candidate, there are
— 1.57 candidates/event in signal
— 1.34 candidates/event in background
* Peaking background:
— Misreconstructed signal
— B > D* (+n's,otherthann '~ x ™)
* Combinatorial background:
— Other BB

— Continuum



Candidates / 0.001 GeV/c®

Signal extraction

5000
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t Data
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—— Fitted Signal
----- Background

(] MC signal
BB

B'B’ _
uu, dd, ss, cc
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—

Correctly reconstructed

B° - D* 7 3m

— fittoa Crystal ball function:
17800 £ 300 events

—_ ARGUS function
+ peaking background

. . L
5.26 5.27 5.28

Mgs = /2 — g (GeV/c?)

Mass difference between signal MC and data leads to

a negligible systematic uncertainty

5.20

5.3

Peaking background
shape and yield come from MC



Candidates / 0.001 GeV/c?

What 1s the 37?
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Systematic uncertainties and result

Source Uncertainty (%)
Fit algorithm and peaking backgrounds 24 Vary fixed fit parameters
Track-finding 2.0
7tr~ T invariant-mass modeling 1. 7\ Reweight MC m(3)
D*~ and D° decay branching fracti

y branching iractions to match data
T(4S) — B°B° decay branching fraction 1.2
K™ identification 1.1
Signal efficiency MC statistics 0.9 Different m(37) distribution
Sideband subtraction 0.7 —— of bed. in SR and sideband
BB counting 0.6 '
Total 4.3

Obtain:

Br(B® > D* n*n nt) = (7.26 £ 0.11 + 0.31)x1073

Compare to LHCb result: (7.27 + 0.11 + 0.36 + 0.34)x1073

New PDG average will be useful for the LHCb R(D*) measurement 8



Addressing the B —» D**£v bgd.



Impact of B - D** v

E.g., in the BABAR analysis: Simultaneous fit:

L D 80— x+ o0 B D**(¢/T)v
D*ty¢ E D | DTt N D*(¢/7)v

Vera’s talk %[ 51}3’1&3 v
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Impact of B - D** v

E.g., in the BABAR analysis: Simultaneous fit:

0l per | o O Drnte =D (/)
w0l MC shapes gflzu Vera’s talk 9 B E BDlﬁé_/ i
I H“l’ El g;;(e/m “or
20 20
a3 +.§ 0 ‘;%

- D** systematic uncert. (%)

» Relative efficiencies

« Br(D* - DWn/nt)
. Br(D** - D(*)mr)
 Br(B = D**¢v)
 Br(B - D**tv)

~ 2% estimated for most Belle analyses
See Phill’s and Shigeki’s talks

5.0
0.7
2.1

0.8
1.8

R(D*)
2.0
0.5 .
2.6 .
0.3 .
1.7

Additional resonances?
Non-resonant component?

Is B = D**#v the reason for the
excess?

At Belle II, 2% will be a large
error
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What we know about D** states

SO -

D (2400)
D,(2420)
D!(2430)
D;(2460)
D(2550)
D(2600)
D*(2640)
D(2750)

27
380
50
130
90
<15
65

1+
1+
2+

Dm, Dn
D*m, D, Dt
D*m,D*n,DOnn
D®r, DO, DMy
D'r
DWr
D

D™

« B - D**#v decays observed only for the lightest states

* Theory is only a weak guide here...

Need a model-independent handle on B — D**£¥ background in B » D™ v
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* Average T flies 50 um
But the spatial resolution > (@ BABAR/Belle

<< @ LHCb

Vertexing the 7 at Belle 11

Guglielmo’s talk Phill’s talk

~——t—~ - |E Belle I
—~— S elle II: :

Belle II ~ L >~ _ | E02|- 1 BABAR:
e > = I e} 0,0 ]

\? - o 24 d— - o = O-ZO
e ' Odo 2

- 2 Oq0
Belle ! == = 9 0.1 g :

| §go

GMALLILE H AP

O  Feeibasifidt ‘L l"f' r

1-2001 1 2 2

8583A28 Transverse Momentum (GeV/c)

* Tiny beamspot:

_O-x=

6 um, o, =0.06 um, g, = 150 um
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Vertexing the 7 at Belle 11

Signal B - D**¢v
Ve IS D
\ o \ e ()
/ /

P v () d = ¢ or r from D**

d="¢/m

For 3m, just use vertex
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Events / (0.05 GeV)

Vertexing the 7 at Belle 11

T == v (vp)

Signal
Vz D ()
\ -
{
d="%/n
Shigeki’s talk
M signal B->D*lv, [l Fake D*and qg

7 cross feed M BR20l 29 o Data

02 04 06 08 1 12 14
Eco (GeV)

30000

For signal, (dg,) = 34 um.
Less than 1 ¢ separation, but
similar to other variables!

25000

20000

15000
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v v by P by Ly v ey |
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’ B Drv
Vera’s talk —4

& Doy
N D*4v
W D™ (¢/7)v

i ; ] Bkg.
gty 11

i -._*.Jd‘
2 4 6 8
m?niss (Gevz)

dg4: new info, background-model independent,
resolution from B —» D™ ¥
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Measuring dgg4

Signal

Vi D
N
B

()

T~ Ve (17{’)

d=7*%/m

For leptonic & inclusive tagging,
dpq = 3D distance between
the T daughter and the D tracks

Looks promising,
currently simulating




CP asymmetry in B - D**1v



What’s needed tor CPV

At least 2 interfering amplitudes with
— different CPV and CPC phases (“weak” and “strong” phases in SM),
— hopefully comparable magnitudes

In the SM b — ¢tV has one amplitude

If the excess 1s real and — 05 — S—

*D - BaBar, PRL109,101802(2012) A = 1.0 contours i

due tO NP, \ = - Belle, PRD92,072014(2015) .

045+ °b, s — redictions —

AV - Do s

that’s the 2°¢ amplitude! L hewutinos | Aomam ey ]

0.4~ NN Avenge R(D*)=0.252(3) S. Fajfer ctal. (2012) —]

Maybe it has a CPV phase T ]

0.35 —

Now need: e =

— Interference 02sE
— CPC phase difference 025
0.2
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Ideas for CPV (TV)in B » DMty

1302.7031 (Duraisamya & Datta) \ /{/ /D M
Triple product in B —» D*1v A o /o :
L L v, / B / /
Dm "

]

1403.5892 (Hagiwara, Nojiri, Sakaki)

B -» D1v
L p/agv,
L 's

Require hadronic 7 decays:
* Lose the leptonic decays
e Complicated angular analysis

PB = PD

_.U + _‘U
P s g rest frame]

19



BABAR

Learn from B —» D**f7  ousoss

hadronic tag

100

LHCb = Il D v 2)
, 8o [ D’ v
Greg’s talk £ E Bévlv
.:-\ l8(x) ol A A v[)'a{av M A | 40;— |:|ba::kground
1600 B - D't uch B~ > D**n ¢V
| B B - D*H (- MX')X
1400 B B - D'
1200 B B - Duv
\ Combinatorial

i Misidentified p

Candidates / ( 0.3 GeV

>

w

n

2 0 2 4 6 8 10
m?. (GeV/c")

miss

Events/(20 MeV/c?)

« R(D*™) ~ 0.06
(1606.09300, Bernlochner, Ligeti)
So this is like the B~ = D™ tv —
signal statistics @ ~8 ab™1

0.4 0.6 0.8 A 1 ) 1.2
M(D''n)-M(D"’) [GeV/c?]




BABAR

Interterence and CPC  osososzs

hadronic tag

100

B D,lv a)
0N D’ lv

CIDjlv

[ZA D glv
[_]background

B~ - D*"m¢v

80

* D™ resonances overlap significantly *

QT

NN

* Breit-Wigner amplitudes give CPC
phases that are

— Known

— Vary with m(D*m) in a known way
— Large: vary in ~|—m, )
— Determined from B — D**#v sample

Events/(20 MeV/c?)

(resonance interference has previously been
exploited to obtain CPC phases)

> >A» 'n
......... » .'.’ 4&#&*

0.4 0.6 0.8

OO
M(D''n)-M(D"’) [GeV/c?]



One more condition (*)

For simplicity, consider just two BW resonances B;(m), B,(m):
A(m) = (AM + AYP)By(m) + (43" + AYP)B,(m)
Rely on interference b/w B;(m) and B,(m)

For this to also be interference b/w A°™ and A"?, they must
contribute differently to the two resonances:

SM ;A SM NP NP
A7 AS™ # AT A5

22



What the measurement involves

In principle, just
['(B - D*ntv)(m) — I'(B = D*rt*v)(m)
Acp(m) = n

But then interference 1s only b/w the two vector resonances

— Interf. b/w different-spin resonances

integrates over angles to 0 _ ™~
. . . " N\ ( @DV a2
— Condition * relies only on the different wf— D’ v
form factors of the two vectors U % Bé'“,v
wE [ background
ok B~ -» D**n~¢{v

To exploit e.g., the narrow D, must
also analyze D** decay angle

For D** — D*m (1), need to include also D* decay angle
(’m pretty sure...)

These angles are easy to measure (unlike 7-related angles of triple products),

but still complicate the analysis .






Backup slides



BABAR:

T(nS) resonances
) |
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The BABAR Detector

15T

superconducting

DIRC(PID)
144 quartz bars
11000 PMs

- -'/-"

Instrumented Flux Return

RPCs /LSTs (muon / neutral hadrons)

solepoid

EMC
6580 CsI(TI) crystals

- Drift Chamber
40 layers

Silicon Vertex Tracker
5 layers, double sided strips




