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Introduction

The D**s

» The modelling of mesons with one light and one heavy quark (e.g. B,D) is simplified by taking the
heavy quark limit (mg — o).

*% « o —_
> Then the D*"s are the P-wave (L = 1) excitations 82 gL L=0 L=1
of the D meson. 0, 12 12 32
» They form two doublets under the angular momentum ('92.6

of the lighter quark (j, = L+ s,):
24
Jg =3/2:{D1(2420), D;(2460)} : I = O(10) MeV

2.2
Jq = 1/2: {D}(2430), D;(2300)} : T = O(100) MeV

2

1.8
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Motivation

B(B~ — D™ (D) x B(D™ — D™x) (%)

BaBar (2009)"

Belle (2008)°

D, | 0.29 + 0.03 & 0.03
D, | 0.15 + 0.02 + 0.01
D, | 0.27 + 0.04 + 0.05
D; | 0.26 4+ 0.05 + 0.04

0.42 £ 0.07 £ 0.07
0.18 £ 0.06 £ 0.03

< 0.07 ©@90% C.L.
0.24 £ 0.04 £ 0.06

1

2

= Discrepancy between two previous measurements.

= The decay into the narrow modes are predicted to dominate,

this has been contradicted by measurements to date:

"The 1/2 — 3/2 puzzle”.
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= The branching fraction of B — D" (v is a significant

systematic uncertainty to the R(D") =
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Reconstruction Strategy

hadronic decay
channels using

in CM Frame

E, = ETag - (El + Ep- + E7r)

=

Py = —PTag — (Bt + Pp+ + Pr)

FEI
/ . .
One of the B mesons was reconstructed Only the D;,D;, and D, modes which decay into the
in various hadronic decay channels. reconstructed signal channel are included in the analysis.
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Selection

u variable

> Since there is one v in the events with a signal decay, a cut on u = (Epyes — Piss€)/ " is applied.

Y (45) > BB(D* * 1v) [cde=400m1

= B~ -Dy(~D'miv )
B 5 D,(=D ity Cuts applied
B B8 5D (~D miv
[ Background

500

= —0.12GeV/c® < u < 0.24GeV/c’

5
H
8

" Priss > 0.05 GeV/c

g
8

Events / (267 MeV/c?)

-4 -3 -2 -1

o
u (GeV/c?)
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Fit Variable

Y (4S)->BB(D* * fv) Belle Il MC fﬁdt=400fb_1
B B~ »Dy(-»D"n)iv
250 B B~ - D,(-D"miv > The D*" AM = (Mp=« — Mp=)
1 B~ -»D'1(-»D"miv was used as the fitting variable

I Background to extract signal yields.

» AM is determined with better
resolution than the mass of
D**

» The PDFs for each category
were created by Kernel
Density Estimation using
2.4ab7! signal and 600 !
background MC.

N
o
o

Events / (50.0 MeV/c?)
s &

50

0
0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20 1.35 1.50
MD"* —MD" (GeV/cZ)
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Fitting

Fitted Distribution

w
@
3

—— Belle Il MC

—— D4(2420) (narrow)

—— D,(2460)
D,(2430) (broad)

—— Background

—— Sum PDF

w
3
3

r
a
3

N
S
3

Events / (0.05 GeV/c?)

.
@
3

» The PDFs were fitted to the
400fb~" MC sample using an
unbinned extended maximum
likelihood (ML) fit.

e
S
3

@
3

o

o
IIII|IIII|IIII|IIII|IIII|IIII|IIII|
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Branching Fractions

Branching Fraction Resuts
0.005

B —>D1£v

0.004 - e B-Dily

0.002 A

€I
0.001 - -
I

0.000

B - Dylv
0.003 4 —l T Systematic Unc.
T —— MC Values
o
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Comparison of statistical uncertainties
to previous results

Babar measurement was made on
417fb™ " of data

> D, :9.2% < 10.34%

> D;:12.5% < 14.89%

> D, :15.32% > 13.33%

Belle measurement was made on
657 x 10°BB events.

> D, :5.4% < 16.67%
> D, :13.30% < 33.33%
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q2 Study

2 2 q2 ) ,
mp Mmp** —
w=——*=—"— and = (pg — pp*=
2'”B’”D** 7 ( i P )

» The ML fit to the AM distribution was repeated in three bins of w to obtain the w shape.

Fitted Distribution for 0.95 <w= 1.10 Fitted Distribution for 1.19 <w 1.26 Fitted Distribution for 1.26 <w< 1.34

—wC —wC

e —wc
E " pu4029) — D14023) — D{14023)
— ;425 — D,(425) — D, (425)
D.(24023) [ 0,24023) 0,24023)
— Background i — Background ‘ — Background
— \ — Sum PDF w“‘ — Sum PDF

e
S i —
——

e e - 2 JLi oo e T
5 & + ) o e e T
T T E
b e Lt e hH ; UIRRITTL!
FResy FEE 3 $ Yy WS 2 B BT i i
depopoplyterthe * s IEAERAEREX S %o AN é'}g}&.} h HH ; {;;H;{ }{;

0.95 < w < 1.19 119 <w <126 126 <w < 1.34
[3.30 < ¢~ < 9.44] [1.51 < ¢° < 3.30] [-0.53 < ¢° < 1.51]
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Fit Results

D; D;
300 Dl 2 300 1
o Fit Result 140/ o Fit Result Fit Result
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Unfolding

Migration Matrix bin migrations in the reconstructed
0 w distribution due to finite detector

7.0% 84.3% resolution.

_ P
82.5% 14.1% U/ NJ‘
X gen

Reconstructed w

1.15i
E » The distribution is corrected for this
1= effect by unfolding:
E 93.1% 10.5% 1.6%
1.05F Npins
1; N;ec = Z Mijlvéen
C j=1
95 o e e b by N N
0957 1.05 11 115 ; = Ve = Mg,
True w

~ “1-
< Vgen = M= Vyec

Eyliil Unlii (LMU) B — D** e 07.032023 13 /18



dl /dw Fit and Systematics

dr/dw Fit 400fb™

X
Om

dr/dw

18

1738 £ 0165

16
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1

5 o ®

S}
(AR RN R AR AN AR
—

N

T T T T T TS S M M SR R |

The Bernlochner,Ligeti and

Robinson(BLR)(2018) differential decay
amplitude (dT/dw) was fitted (x°-fit) to
obtain 7', with other parameters fixed.

>
>

Fit result 7/ = —1.738 £ 0.166 (9.6%)
MC value: 7' = —1.6

> [Belle result 7" = —1.8 +0.3(16.67%)]

Systematic Uncertainty on 7’

o
BT

13
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Absolute | Relative (%)
PDF Creation 0.0280 1.611
LeptonID Efficiency 0.0020 0.108
‘ Slow 7 Efficiency 0.0004 0.026
w AMp«« Fit Bias 0.0121 0.696
| Total 0.0306 1759 |
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011

Summary and Outlook

Summary

» | have studied the semileptonic B meson decays into the D**s which are orbital excitations of the
D meson.

» The measurements on their branching fractions to this date show large uncertainties and some
unresolved questions, hence | worked towards obtaining a measurement of these at Belle II.

» | have attempted fitting a form factor variable to the w distribution of the B — D**{v decay.
Outlook

» Eventually performing the measurement on data.
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Thank you for your attention



Some Selection Variables

Tag Side

»—0.1GeV < AE = Eg — LEcys < 0.1GeV  =5.27GeV? < My, = 1/ LE2us — |ps|* < 5.29 GeV/c?

* % - -1
YASI B BRI Y [ca= 400t Y (45) > BB(D* * 1) [ cdt= 400t~

B B~ - Dy(»D miv

B B~ -Dy(=D miv
. B D (=D iy 350 EE B~ 5 Dy(=D ity
300{ =3 Background E 5 -D(=D"miy
[ Background

—~ 0
I
> 0 L
2 >
Z ) 250-
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2 B s
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o3 o2 01
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Brag Mpc (GeVv/c?)
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Branching Fractions

» The branching fractions were calculated using:
- sk )— sk k4 — ND**
BB~ - D¢ v)xB(D™ - D"n") = p—s T 5
Ng- gt X €ree X B(D™" — D°1t™) x 3 B(D"decays)

B(B~ — D" v)x B(D™ — D*"r")
D™ [ MC (%) Fit (%)

D, | 03023 0.2555 =+ 0.0240(9.40%)
D5 | 0.0996 0.0953 + 0.0221(23.20%)
Dy | 0.2873 0.3155 + 0.0402(12.73%)
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