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Introduction

Study of orbitally excited charmed mesons

Current questions

Width D6‘< and D;k broad compared to others

Comparison of D;’Z)(23 1'7) and D6’< (2300)
— D%(2317) should be about m; (100 MeV)

heavier

D;‘B(ZB 1'7) about 150MeV below the

prediction of quark model
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[Bernlochner, Ligeti, Turczyk, 2012]
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Introduction

» Importance of B —» D)z measurements:

1. B — Dnr:access to D6‘< and D;
2. B — D*rm:accessto D), Dy and D5

* Analysis of different B — D final states

gives access to 3-body final-state dynamics

» Comparison of D and D* final states

gIves access to spin symmetry
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[Bernlochner, Ligeti, Turczyk, 2012]
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Recent tindings

Angular moments

(Po) o< [AgI” + A, 17 + | A,
» Strong evidence that D6‘< IS not

2 2,2
: : . <P2>°<§|A1| +7|A2| | |Ag| | Ay | cos(6, — &)
described by a Breit-Wigner 5

but is a dynamically generated state (Pi3) = (P1) = % (P3) % 49| 1A} | cos(8; — &)
described by UChPT

» partial wave amplitudes <f;(s) and
Legendre polynomials P; with helicity
angle 6

(Py) /(20 MeV)

2
A(B~ - D*n n7) = ) \/2L+ 1o (s)P,(cos O(D*x7))
L=0

[Meiliner, 2020]
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Recent tindings

LHCb data

» Strong evidence that D6‘< IS not

0o [Degree]
=
o

described by a Breit-Wigner 1 _
but is a dynamically generated state (l/ ' |
described by UChPT 2100 2200 2300 2400

Mp+ - [MeV] [Du, 2020]

LHCb data Dn DK
0,8 | T | | T I T | : 1 i | |

» partial wave amplitudes <f;(s) and
Legendre polynomials P; with helicity
angle 6

2
A(B~ - D*n n7) = ) \/2L+ 1.d,(s)P,(cos O(D*x7))
L=0

S-wave Amplitude [arb. units]

I ! Ii Ii | ! I !
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| I | I |

B

5
M, [GeV] [Meiliner, 2020]
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Decays of interest

Signal decays
— K -_— = 4
B —> D 0 07[ — (D +ﬂ ) T | WCh —> Con meosure cnomed Finol siokes
T ek — an measure cra + D*xx process dominated by

loop with p contribution,

precise measurement by LHCD available, but large

theory uncertainty from p contribution

\ came final stake * we can measure the p contribution by studying
D 7Y
* all resonances contributing to DYz~ z~ also occur
in DYz~ 7"

— cross check for amplitude modelling in DTz~ 7"

l \
| |
| | De
| |
| | need more B~
, | statistics >
| ‘| Cor Cull Dalive
. | - ‘ ANOWSIS
dom\“Qth b‘j ‘009 l access S dWQCf\\S 1y | \\SS
: , ‘ the measucement | 2kl Woctn
dioqram with § | insteod ot RNy | o ady ocveckions ©

. in @ \oop . J P [Du, Guo, Hanhart, Kubis, Meifner, 2021]
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Before tighter selections

Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)
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Selections on e.g.

AE = Eqyo/2 — Ej,
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8000

Events

After tighter selections

Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)

Bt*-=Dnotot

T

8000

T

6000

5000 |

4000

0
5.270

A
—
] /1
—
] —
—
—
—
|ZZZ

—-0.10 -0.05 0.00 0.05 0.10

AE])f

Belle II Simulation (own work)
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Reconstruction of B~ — DTz~ 7~ and selections

Selections on e.g.

AE = Eqyo/2 — Ej,
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Before tighter selections

Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)
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Selections on e.g.

AE = Eqyo/2 — Ej,




After tighter selections

Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)
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Belle II Simulation (own work)
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and selections

Selections on e.g.

AE = Eqyo/2 — Ej,
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Fitresults: B~ — DYn n~

AE Fit: DoubleCB + Gaussian

I Data
6000 _— DoubleCB + Gaussian Fit

[ === DoubleCB component

5000

. === (Gaussian component

Signal + Background Model Fit (DoubleCB + Gauss+Poly2)
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4000 k ==- Background (Gauss+Poly2)
- = Combined Model

3000 |- /‘\

§ . ~0.15 ~0.10 005 000 005 0.10
O 2000 - AE
Chi? = 51.26, dof = 40, Reduced y? = 1.28, p-value = 0.109
1000 |
: B°—- D -ntn’% AE Background Fit
. 3000 F
i i - ==+ (Gauss + Poly2 Fit
0 - | i B Rest
-0.15 -0.10 —-0.05 0.00 0.05 0.10 2500 mm B —D-a}
AE : + N0+
2000 [ - BT=Dp
. ® mm B -Djn*t
Chi? =136.21, dof = 94, reduced =1.45, p-value = 0.003 £ ool B* Dl
o
. . 1000 F BT =D
Raw signal yields from df: 35313 |
500
Integrated signal yields from fit: 35307. |
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Fit results: B — D 7

Signal + Background Model Fit (DoubleCB + Gauss+Poly2)
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AE Fit: DoubleCB + Gaussian
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=—— Dalitzplotof B~ — D n x~

T W
b 3 Belle II Simulation (own work)
* Resonances Dalitz plot: B* =D~ m*m*
161 Category
B —> D*ﬂ i Rest
O a 14 b Background
i BT=Dn'n”*
B — Dikﬂ ) \ u %5 12f BMDEZM
o d g | B" =Dy
* Two identical pions: 3 S 10f e
G W |
order masses by value FI:
(higher and lower mass) 6
: o TEERT A \
— causes folding of Dalitz plot | S s
10 15 20 25
— else: would be symmetrical lnvMgy (GeV=/e®)
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Legendre polynomials

—— Dalitz plot

) Angular distribution
Sen A
S .ﬂ?- °
¢ e Scalar: 1
$pin 0 X 4
e Vector: < cos(0)
2
= = e Tensor: « (3 cos“(0) — 1)
- 0 A cos®
Belle II Simulation (own work) Belle II Simulation (own work) Belle II Simulation (own work)
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M(Dn)higher
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m?(D ~ 1)

m?(D ~ )

Belle II Simulation (own work)
Dalitz plot: B->D ~m*m°
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Belle 11 Slmulatlon (own work)

Dalitz plot: B°->D ot n®
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Belle II Simulation (own work)
Dalitz plot: B°->D ot n®
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Dalitz plot of B® - D 7~ 7"
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Belle II Simulation (own work)

Dalitz plot: B°->D o *tm’

Category
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ac

1
— arccos

=——= Squared Dalitz plot

1) and

min

ac

(

/
m

10N

* Variable transformat

Background
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0.2

0.0

» Used for Dalitz plot fit



* Apply the efficiency correction to obtain

the efficiency corrected Dalitz plot

* Build and test amplitude model on MC

using AmpGen

* Perform amplitude analysis/fit

17
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Thank you very much for your attention



Backup: s-wave amplitude

Obtaining s-wave amplitude

 mass distribution of Dz~ system
with weight w, = 1

» (Calculate Legendre polynomials P,
* New weight w, = P;(cos 6,)
* mass distribution with new weights

e obtain angular moments <PL> wrt
phase shift o; and [A; |2 via fit



Backup: Dalitz plot

o Invariant mass of particles i and j mijz. = (p; + pj)2

e Kinematic boundaries m122 + m223 + m123 — M? + m12 + m22 + 1/1132
+ Invariant massm?, = (P — p;)* = M* + m: — 2ME,

* Reduce dynamics only two variables



== Backup: Dalitz plot

* Two dimensional representation of
phase space for three body decays

* Reduce dynamics only two variables
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-B°>D notn°

Dalitz plot
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