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B mesons (BO = bd, B = bu, BSO = bs) are the only bounds states
which involves the 3rd quark generation — particularly interesting sector



B mesonbranchmgfractlcns (BF) status

So, after decades of flavour physics, do we know B
meson very well both experimentally and theoretically?

Branchlng fFraction=

partial width over the total
width

—___ ., |decay rate in a certain channel
7| or

|
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B meson branchlngfractlons (BF) status

Branchlng fFraction=
| decay rate in a certain channel

So, after decades of flavour physics, do we know B T or o
partial width over the total

meson very well both experimentally and theoretically?  |{iqer

...kind of. ) — —
e 40% of BFs unknown in term of
: ] exclusive final states from PDG
Measured B™ branching fractions r{mde — ‘Z
Sum of exclusive We have access to this fraction by (X BO=00%
semileptonic BF inclusive measurements DX mEUR
25% . o P
In term of exclusive composition is DIX  (19°14%
made of: Dy X (1107049)%
AX (21499)%
- high multipliczs)y hadronic final Lx (28%h)%
0 lex  (97+£4)%
states B — D' /(D)(K)(nr)(x") | s

+ _ .7 0 _
Sum of exclusive (D™ =cd, D" = cu)

hadronic BF
35%

- Gap modes: few % missing
semileptonic BF



https://pdglive.lbl.gov/Viewer.action

e Reliable simulation (MC) is a crucial tool to perform our analysis
 The background studies often relies on MC (when sideband/control sample not available)

* The machine learning tools (BDT, Neural Networks...) often use MC to be trained

11



fractions in simulation
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e Reliable simulation (MC) is a crucial tool to perform our analysis
 The background studies often relies on MC (when sideband/control sample not available)

* The machine learning tools (BDT, Neural Networks...) often use MC to be trained

Simulated B branching fractions

e Exclusive BFs are simulated with specific

Sum of exclusive generator (EvtGen, Tauola, Photos, Herwig...)
semileptonic BF
25% » PYTHIA is used to cover the missing BF:

PYTHIA

40% - combination of partons and
fragmentation model are specified

e.g. 0.26209371 u anti-d anti-c d PYTHIA 23;

. - PYTHIA is handling the hadronization
ﬁuén of e>|<30|1_u3|ve producing all the possible final states
adronic missing in the exclusive list

35% 12




‘B meson branching fractions in simulation

° Rellable simulation (MC) is a crucial tool to perform our analysis

 The background studies often relies on MC (when sideband/control sample not available)

* The machine learning tools (BDT, Neural Networks...) often use MC to be trained

_ —
Simulated B | How do we use the MC in Belle 11? {i

_________llated with specific
“generator (EvtGen, Tauola Photos, Herwig...)

E——

. L
Sum of exclusive
semileptonic BF

25% » PYTHIA is used to cover the missing BF:

PYTHIA

40% - combination of partons and
fragmentation model are specified

e.g. 0.26209371 u anti-d anti-c d PYTHIA 23;

. - PYTHIA is handling the hadronization
ﬁuén of e>|<30|1_u3|ve producing all the possible final states
adronic missing in the exclusive list

35% 13
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Belle Il experiment at SuperKEKB collider

SuperKEKB

e Successor of KEKB (1999-2010, KEK,
Japan)

« Asymmetric ete ™ collider

Vs = m(Y(4S)) = 10.58 GeV
(Y (4S) = bb)

. Target peak luminosity: 6 - 10°° ¢m—2s
(x 30 of KEKB)

Z (mm) o

Nano-beam scheme:
250 um (Z) X 10 um (X) X SOnm (Y)

-1

Belle Il

'Electromagnetic
Calorimeter
CsI(T)

\\

electrons (7 Ge

K| K; and muon detecor (KLM)
~ Resistive Plate Chamber (barrel)
] Scintillators+WLSF+MPCC (endcaps)

Berylhum beamplpe

| 1cm radius

Vertex Detector (VXD)
2 layers Pixel (DEPFE

TR | positrons (4 Gev)

- B DESID Particle ldentification |
| TOP: Time of propagation counter (barrel)
| ARICH: focusing Areogel RICH (forward) J
Magnet w N 4 o -
Superconducting solenoid | | )
B= F1) 5T J , Central Drift Chamber (CDC)

56 layers of longitudinal and stereo wires
He(50%):C2oHs(50%)

[Belle Il Technical Design Report, arXiv:1011.0352]

15



https://arxiv.org/abs/1011.0352

B-Fa ctora5|cs

 Asymmetric collider =>Boost | Zf?;‘rj'éler?:”to': //’
of center-of-mass —\\ dependent CP _h

 Excellent vertexing " violation (TDCPV) B=<«bg> \’
performance (6 ~ 15 yum)

» coherent BB pairs production

 Excellent Flavour tagging Az = BopAt N
performance ..................... >
o S p— m( 545)) m— 10 58 GeV sz ZSEY(aIS) ete” —  Cross section [nb]
constrained kinematics g2} | D Y(45) 1.05 +0.10
= | ¥ cc 1.30
 Hermetic detector = complete event 5 5] £ 53 0.38
. . T | , : 0 (Jx :
reconstruction: -l Y(f“s> g o
 Absolute BF measurements o 1 () 0.919
, ° p () 1.148
 measurements with several neutral ete(7) 300 + 3

particles or neutrinos

e* e Center-of-Mass Energy [GeV] 1 6



‘B-Factory basics

3s ”"',”;,( s
Juon
V’ New hadron states Zb's, b bbar glu0 Upslyo
New "
ar ,'77()//”

| Ch 8
- | k. | ’%&
physics program | e
‘ " : Lkl\ NewHad -
 Notonly precision | | %,
measurements using | “ e,
Y(4S) — BB
e Charm (c¢) and tau (z777)
fFactory as well
e Dark matter searches
» Higher mass bb resonances
(Y(5S), Y(65) which can decay
in excited B mesons pairs ) o™

\/ O — ITI{ I (- — 1U.J0 4UcCV
constrained kinematics

e Hermetic detector = complete event

reconstruction:
e Absolute BF measurements

 measurements with several neutral
particles or neutrinos

Belle Il Data

~ixing and
\0d
arm um
. ¢S Bran,
’(‘ﬂ"\c ~~—ching Fractions, Dal
]
Ib‘(o % X Pton f |
N dec
\\5\\4‘1‘
yid/Vv
v(_blvub) f“'l‘i
(\gs 3
5 &
o U le
‘,('\* )
\‘\'b
C{“‘:\ \\ \3, ek
surements Direct ]
: ependent Mea
Time s $ '1//”’}"1/(‘

& £y
%
@ceys € >K* gamma j /e pen t
By,
f‘/h V. "5’1.' - 1
"' ‘u..fu Pe '
on y, NP
0,(;
4,
\-\Cd 3 dete
ecays
ed re
[ 2
7 200 i ;0
" 0
s : 2
[ : O
- : =
9 15 - £
-0
- L Y(29) :
.T 10f ;
" YEs)
+ ' :
o ;4 {r\ .
° 5¢ A Y (4S)
O

e* e Center-of-Mass Energy [ GeV]

Cross section [nb]

T (45) 1.05+0.10
cC 1.30
SS 0.38
U 1.61
dd 0.40
17 (7) 0.919

prp () 1.148
ete (v) 300 +3
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lle K

Run 1 (2019-2022)

» Peak luminosity 4.7 - 10°* cm—2s~!
(reached the 22/06/2022)

[,.qeln i

» Integrated luminosity: 424 fb~!
(~Babar, 0.5 Belle)

Long Shutdown 1 (07/2022-01/2024) for
major upgrades

0 !
2019 2024 2029 2034

- new two-layers pixel detector

Run 2: data taking resumed in February ' Belle II

2024 . ‘ First Collisions of Run 2
AN 20" February 2024

 recovered Run 1 luminosity (peak
luminosity: 5.1 - 10%* cm—2s1

e ~150 Fb-' collected so Far




Comparison

—_— e . ———————

D
o

Belle II

Run Type : physics
Run Number : Exp 26 Run 269
Generated at : 2022-05-16 22:40:45

Initial state
o ete™ = Y(4S5) = full knowledge

» cross section: 1 nb = 10° B-mesons /fb

e SNR~0.2
. 1/s = 10.58 GeV

« BY. B~ only (+cc, 7777

e ~atrestin cm-frame, boosted in lab. (B Flies
128 um, 0, ~ 10um)

ert

Detector configuration:

e Hermetic around IP

LHCD

e e e ———

Initial state
» pp collisions = actual gg’/gg’ initial state unknown

- cross-section much larger: 1-100 ub = 10°-10° B-meson/pb

- much higher bkg: SNR~107> = Rule of thumb: Belle2 (1/ab)= LHCb (1/fb)
o \/E = 14 TeV = completely different kinematic region

- alsoB.,B.,\,, 2, ... can be produced

- Large boost (pz ~ 50 GeV) =decay vertex of b hadrons within the
detector volume (B flies for O(10mm), with a o,,..., ~ 100um)

vert

Detector configuration:

e forward spectrometer = complete event reco. not possible 19



LHCb - missing energy channels

- m——————— = e —_— — — —— — p— e

* Ifvin the final state = can't reconstruct
invariant mass and pointing of the decay
products

e Corrected mass: O
PV
m — m2 -+ 2 +
Corr ~— visbile T P Pl

with p, = transverse momentum of the visible
system wrt b-particle momentum (direction

reconstructed using vertex info) =p;mSSlng

ts/(56.25 MeV )

o other variables according to the final state qz, T
vertex displacement...

23

\ =
B 1_’_"_'_] ‘HH“_\‘ —__%
t—z—r‘f—lJr_ll P IO ST T ST TN TN T T ST TN TN T T T T M W e e e S P gy, o PRI

00 3000 3500 4000 4500 5000 5500 6000 6500 7000

Bs Corr. mass (MeV)
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In B decay channels with missing energy in the final state (SM channels with neutrinos, NP
searches...) = use of the the Rest of the Event (ROE) information:

e Exclusive tagging:

Step 1:Reconstruction of the partner 5 (5,,,) using well-known channels

Step 2: Using the Y (4S5) constraint, infer the information on the second B (B;,): Flavour, charge
and kinematic constraints

* Inclusive tagging:
signal reconstruction first, and then use of the ROE+Y (45) constraint to infer the signal signature

Tag

reconstruction
Btag

21




In B decay channels with missing energy in the final state (SM channels with neutrinos, NP
searches...) = use of the the Rest of the Event (ROE) information:

e Exclusive tagging:

Step 1:Reconstruction of the partner B (B,,) using well-known channels

Hadronic B-tagging: Btag reconstructed ie inforr

in known hadronic decays

« Pro: Full reconstruction of the B,

|

ag the ROE

* Cons: lower efficiency (because of
lower BF)

) 2 N IR 7—

Semileptonic B-tagging: Btag reconstructed |
in known semileptonic decays

* Pro: higher efficiency (because of
higher BF)

e Cons: neutrino(s) in the tagging side—
larger uncertainties on B5g;, variables



‘B-tagging exampl

e ——

—_— e . ———————

[Analysis ongoing in Belle | @CPPM by C. Lemettais]
Why?

 This channel is forbidden in the SM because violate lepton
Flavour

h_/f_yf

» This search has been never done before and we want to set K"

an upper limit on its BF

How?

« Reconstruct B, and K, ¢ tracks

e Missing energy only from 7 decay — recoil 7 mass:

Pr = Poto-— (Px +Pp+Pp )

tag

2 _ 2, 2 =115
m; = mg+ mg, — AESEg, + |pi||pE, [ cosOp k)

T tag

 Hadronic tagging: lower efficiency, but better resolution
e Semileptonic tag: higher efficiency but worst resolution

- Here the worst determination of the 5,,, momentum is the
mayor offender

Events

e: 0 - K “Oze

1.50 |
1.25}
1.00 F
0.75}
0.50 |

0.25}

A l L | I L

Hadronic tag
1 Semi-leptonic tag

l Il I l I L ' l A A A A

0.00 b
1.0

1.5

20 25 3.0 35 4.0

M. [GeV/c?]

4.5

Ghad ~ 5() MeV
og ~ 720 MeV

23



B-tagging at Belle II: Full Event Interpretation (FEI)

e e e e e —

» MVA based B-tagging algorithm

. hierarchical approach to reconstruct ©(10%)
decay chains

- NB: only the B decays which are explicitly
listed will be identified

o €hq = 05%, e =~ 2%

» Training: on millions simulated Y(4S) — BB
events

[T. Keck et al, Comput Softw Big Sci 3, 6 (201 9)] ]1

Tracks Displaced Vertices Neutral Clusters
T 11 B BN
J/ 7
0
Kg
D’ DT D,

24


https://doi.org/10.1007/s41781-019-0021-8

B tagglng at Belle II Full Event Interpretation (FEI)

[T. Keck et al, Comput Softw Big Sci 3, 6 (2019)] |

* MVA based B-tagging algorithm

| Tracks \( Displaced Vertices | Neutral Clusters
» hierarchical approach to reconstruct @(104) ek e K .
decay chains
e e
- NB:only the B decays which are explicitly KO
listed will be identified N
O Bhad d O S % M‘ [ j [D*O D*+ D:]
/1 —————————— 5 g+
~% Tra|n|ng on millions simulated Y (45) — BB
\\\\events

25


https://doi.org/10.1007/s41781-019-0021-8

‘Simulation for B-tagging

T e ) - - — = i = e —— e ——

We have to come back to the B™ branching fraction simulation chart

25%
Sum of exclusive
semileptonic BF

40%
PYTHIA

Sum of exclusive
hadronic BF

39%

26



‘Simulation for B-tagging: FEI usage

e ——— e ———

We have to come back to the B™ branching fraction simulation chart

18%
Semileptonic FEI

~35%
7%

PYTHIA FEI
5%

20%
Hadronic FEI

15%

27



‘Simulation for ng: FEI usage

—_—— = — — s — e ———— p—

We have to come back to the B™ branching fraction simulation chart

* SL BR almost mostly
- covered by FEI

18%
Semileptonic FEI

N * Included modes:
- 350 A (C=e,p)

- Bt = DUy,

7%

* Missing modes:

PYTHIA FEI

20% 4y, - BT — DUO0g(y)

Hadronic FEI

15% - Bt — DUOV¢y(7Y%

28



Slmulatlonor B-tagging: FEI usage

We have to come back to the B™ branching Fraction

18%
Semileptonic FEI

7%

e
Y
-
a »,b Z
W %
- A
ot P’ -
-

20%
“5%

Hadronic FEI

15%

# hadFEI cand.

| 5
|

000000

000000

+++++++

0.05%

Hadronic BR
largely
unexploited:

considering

g, FEl relies
on ~10% of
the hadronic
B decays

29



* €. 7+ Evc — (large) calibration Factor needed because
of "wrong" simulation description

- constant effort in improving the calibration
e Large room for improvement in hadronic FEI

- Improving old measurements, both in BF and in in
decay modelling to reduce the calibration fFactor

- Measuring new decay channels, with a Focus with the
the high-purity ones (which may compensate the lower
BFs...)

* New Tagging approaches are in development (GNN-based,
semi-inclusive...)

30



Belle Il B-tagging improvements

* €. 7+ Evc — (large) calibration Factor needed because
of "wrong" simulation description

- constant effort in improving the calibration

. Large room for improvement in hadronic FEI

e [ —_— == _ e — _

- Improvmg old measurements both in BF and in in '

 decay modelling to reduce the calibration factor An example for |
m each approach |
- - Measuring new decay channels, with a Focus with the in the next *
the high-purity ones (which may compensate the lower slides
BFs...)

—— e ———————

* New Tagging approaches are in development (GNN-based,
semi-inclusive...)

31



Example 1:

Measurement of the branching
fraction of the decay

B~ — DOp(77O)‘ at Belle Il

_ _ - o -~
R —— —— - _ | ‘
—— ——

S — — — — _— — ==

PRD 109, L1111703 (2024

32


https://link.aps.org/doi/10.1103/PhysRevD.109.L111103

D°p(770)"

= = e e me e _ =

e Motivations:

- BT — Dop(770)_ is one of the main modes of hadronic B-tagging, but tagging
efficiency between data and simulation differs significantly in this channel.

- One of the ingredients to test heavy-quark limit and Factorization models (see

for instance: /[Nucl. Phys. B 591, 313 (2000)], more details in the backup)

- World average BE(B* — D) = (1.34 = 0.18) % is driven by an old
measurement /CLEO, PRD 50, 43 (1994)])

e Decay channel: B~ — Dop(770)_, DY — Kntp — n

 Sample used: full Belle Il Run 1 sample at Y (45) (362 fb~!i.e. about 387 million
BB pairs)

33


https://www.sciencedirect.com/science/article/abs/pii/S0550321300005599?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.43

B~ — D°(770)~ ~ :introducing some variables

Selection: | | omen ) o AE = Ex -

o beam
- D% mass: 1.85 < m(Kn) < 1.88 GeV

» Expected AE ~ O for
properly reconstructed signal

- —0.18 < AE < 0.2 GeV e
- MbC > 527 GeV | | | o Mbc — \/(

» Expected M, ~ myfor ‘
properly reconstructed signal

- Helicity angle cos 6’ < (0.7to suppress
m(D°z") < 2.6 GeV enriched of

'-r."l"'l"'

5.2 5.22 5.24 5.26 5.28 5.3

D**%DO 0 —
o , - angle between the
- Boosted Decision Tree to separate | Ppf i ,, momentum of the 7~ and
: — Y P 7’ the opposite of the
N :
signal and gg background yl’\‘/ direction of the B, in »

frame (not shown)




- D OP 70)7: signal extraction

e _— e, e e ————— —_— = ===

» Fit to AE distribution to separate signal and background
e Residual bkg:

- BB: mostly semileptonic decays
- self-cross feed i.e. misreconstructed signal events: mostly wrongly associated 7V

e in bin of helicity angle, to separate B — Dop( — 71'+7Z'O) and B — D%zt 70 components

120 [ Belle Il ¢ Data 180 b Bellel ¢ Data
I P — Fit result - p — Fit result
= I | Self-cross-feed S 140 F | Self-cross-feed
© gL I BB background S ok I BB background
) : = :
100 |
o 60| -1<cosf,<-0.92 o 0.55 < cos@,, < 0.70
9 + o 80
m \ ) -+
c 40 \ 8 60
2 S
S 20 ' . c 40
O 20
_ _ 0
015 01 -005 0 005 01 015 02 015 01 -0.05 0 005 01 015 0.2

AE [GeV]

AE [GeV]



~ = Dp(770)"

non-resonant bkg

Template Fit to cos Qp distribution using B — Dop and B — Dz 7Y templates

cos 6,(Dp) ~ cos’6 vs cos Hp(DizOzz_) ~ uniform

Fit with non-uniform binning to have cos 6’p uniform distribution forthe B — D

found (1.9 +1.8)% of B —» Dz n"

Signal yield

1400
1300 F
1200
1100}

1000}

900

800 |

600

700}

- Belle ll

: JL dt =362 fb”

¢ Data
— Fit
B — D%’
B — D’n n°

T

- ‘

llllllllllllllllllll

I BT A

-1 08 -06 04 02 O

cosep

02 04 0.6

Candidates per 7.5 MeV/c?

6007
500 F
400}
300
200}

100}

— B —>D"p
| det=362 fio B'— Dr'x’

Belle |l ¢ Data

0.75 0.8
m(z 70 [GeV/c?]

0.85 0.9

°p
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B™ > D p(770) :results

———— e

Signal Yield: 8360 = 180 events

NB—>Dp

BF(B~ —» D% )= — 22
2Ngz fH—eBF(inter)

= (0.939 + 0.021 = 0.050) %

. more than a
(and about 26 tension with the world average)

Systematically limited, by 7" efficiency calibration and fit modelling

Will be used to improve the calibration of this mode in Belle Il
hadronic B-tagging.
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Example 2:

Measurement of the branching

fractionof B — D

(*) gr— 1 (*)0
K K(S) and

K -
B — D™D: decays at Belle I

B
= —

[JHEP 08 (2024) 206]

[Analysis performed @CPPM & IJCLab
by V. Bertacchi and K. Trabelsi]

— TS e —— e i e e r—e—— e

38


https://doi.org/10.1007/JHEP08(2024)206

Measured
0.28

‘Motivations: the DKK opportunity

—_— - =

e The B - DKK sector s mostly unexplored
- InBelle 1 MC: (BT = DKK(nn)) ~ 6 % (where D = D™V, K = K*97)

- Measurements from a single paper [Belle, Phys.Lett.B,542(2002)] Pythia
29.4 fb1, 5 modes (BR=0.28%) 5.58

- The remaining is generated by Pythia

39


https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730

Measured
0.28

‘Motivations: the DKK opportunity

—_— - =

e The B - DKK sector s mostly unexplored
- InBelle 1 MC: (BT —» DKK(nr)) ~ 6 % (where D = D™V, K = K*97)

- Measurements from a single paper [Belle, Phys.Lett.B,542(2002)] Pythia
29.4 fb-1, 5 modes (BR=0.28%) 5.58

- The remaining is generated by Pythia

« A better knowledge of this sector can be very useful to extend the b-tagging modes, thanks to
their high purity
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Measured
0.28

‘Motivations: the DKK opportunity

—_— ;_.__t,g—mﬂ——;_,_

e The B - DKK sector s mostly unexplored

- InBelle | MC: (BY — DKK(nrx)) ~ 6 % (where D = D7, K = K¥97)

- Measurements from a single paper [Belle, Phys.Lett.B,542(2002)] Pythia
29.4 fb-1, 5 modes (BR=0.28%) 5.58

- The remaining is generated by Pythia

« A better knowledge of this sector can be very useful to extend the b-tagging modes, thanks to
their high purity

*The Belle Il integrated luminosity (362 fb-1) already recorded allows:

- to improve over the Belle measurement with higher precision

- to observe additional 3 new 5 — DKKQ modes (2-3 sigmas in Belle paper)

- to understand the resonant contribution (¢, p"...) of this class of decays

- to perform the world best measurement of the four B — DD channels 1


https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730

B — D<*>K KO Analy5|s strategy o

(S) e — Studied decay channels
_ . B~ —» DK~ K*
- Signalyield: AE fit: signal + background (¢q, BB...), where AE = E7 — \/5/2 B’ 5 DTK-K*0 |
B~ — D*K~K*°
» Branching Fractions: B’ & D*tK-K*

~ |B~ =5 DK K9
B’ - DYK~KY

- Event by event efficiency correction, as a function of (7 g—g, My re)

Nfefgrr >bkg-subtracted and B = DK™ Kg
BF = : . efficiency corrected
- 2f,_ 00Ngg - BF(inter) yield
e Invariant Masses/angular variables: | ‘sample used: full

‘Belle Il Run 1 sample ;

- sPlot is performed on the required variable: AE X Var — Var bkg free

- Event by event efficiency Correction, as a function of (72— g, My re)

42



Events/0.006 GeV

Pull

B — D<*>K K((go Yleld extractlon example channel

| fltto AE distribution

Belle Il preliminary fLdt =362 fb™
I Orr—1,"0 - ToOtal fit . . . .
128 - B—-DKK~ Signal » Signal [gaussian+asymmetric gaussian]
o Background
140 - L DKK = cross-feed » Background: mostly from other B decays
120 ,. Data [exponential+constant]
100 |- e
80 [ e B> DK K"z, indistinguishable from
. . . — *k
60 | signalin AE — fraction of K7 /K 0
a0k measured from an ancillary fit to m(K 7z 7)
20 : distribution, Fitting the two population in the
| Si nal re ion Belle Il preliminary Ldt = 362 fb™
O Jm,’ﬂ:\'\l‘lll’l/'/ln?ﬁ ) ANATR o N TIINRA < METMNE e m Yo e g g . . % 1605— B — D°K-K™© —— Total fit :
S [more detailsin  © . | - signal
i P * e T S S the backup] S 120¢ e rearoune
[0 ) XTSI PN S SIS L S0 A — LAASSRPR Y S  eee. e et o 100¢
T S S g @ 88 ] £ 8of
2 2 o
"01-005 0 005 01 0.15 02 025 0.3 Yl
AE [GeV] _
0.8 1 1.2 1.4 1.6 1?n(K2+n_§?Gz<1/ 43




Events/0.006 GeV

Pull

(*) gr—
B - D'V'K

(*)0: Yield extraction

e Extremely clear signalin al the channels

 some of the fit has some specific background [more details in the backup]

Belle Il preliminary [Ldt =362 fb™
100 - B DoK_Kg — T(-)tal fit
- % e Signal
80 w Background
i —— Data
60
40 |

Events/0.006 GeV

Pull

~0.1-005 0 005

Belle Il preliminary

01 0.15 0.2 025 0.

AE [GeV

JLdt =362 fb™

180 E B — DOK-K© — Total fit
160 _ ------- Signal
: wo Background

140 —  DKK cross-feed
120 - —— Data
100 |

80 F

60 | |

40 £

20.1 -0.05 0

005 01 015 02 025 0.

AE [GeV]

3

Pull Events/0.006 GeV

Events/0.006 GeV

Pull

Belle Il preliminary [Ldt =362 fb™
60 _ EO > D'K- Kg — Tt-)tal fit
N Signal
50 F oo Background
X —— Data
40 |
30 |- +
10 ¢} ) 2ot 4
0:1 waderst® | el J 1“{41 sl L..,+
2 T
1E-t oy SRR, A @ S g @
0 eeeL e . * ey .
1 et BRsentesantasinsnnsnnnnisssntassnhanssssssansssansnnasssnted P Y D @essasnsassnsanssasnsansalbssanassanass
-2 . ................. ................. o U . ................. . ....... S s
-0.1-005 0 0.05 0.1 0.15 0.2 0.25 O.
AE [GeV.
Belle Il preliminary JLdt =362 fb
160 :_ EO% D+K_K *0 — Total fit
S Signal
140 3 o Background
120 F e DKK v cross-feed
0.1-005 0 005 0.1 0.15 0.2 025 0.3
AE [GeV]

Events/0.006 GeV

Pull

Belle Il preliminary [Ldt =362 fb”’
> 22F - 04— 40 Total fit
()] 20 F B —D"K KS ola
G 18 E_ ------- Signal
8 16 E_ s Background
g 14 ;— ------- D™KK,D°KK cross-feed
?) 12 ;_ Data
g o
> ]
I 6F

af | x
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-2 _ AAAAAAAAAAAAAA . ................. A o s S e e

-0.1-005 0 005 0.1 0.15 0.2 0.25 O.
AE [GeV]
Belle Il preliminary [Ldt =362 fb™"
70 :_ B——> D*OK—K*O —— Total fit
60 R L O Signal
- e Background
50 F 0 e D*KK,D°KK cross-feed
C " DKK  cross-feed
40 E_ Data
30 F
20
10 F
- iﬂ _,' ----- +
0 n!
2 _ ..................................................................................................................................................
1 —a— g o PRSI
1 i Cuag® gt L1 5 i
-1 E- .. LI s . o
-2 _ ................. e S R — e e s
-0.1-005 0 005 0.1 0.15 0.2 0.25 0.3
AE [GeV.

Events/0.006 GeV Pull Events/0.006 GeV

Pull

0o Belle Il preliminary [Ldt =362 fb™
- 50 4 1,-1,0 - Total fit
20;— B —-D'K KS ....... Signal
18 w Background
16 —— Data
14 |
12 F
10F
8
6 f
4t }
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Belle Il preliminary [Ldt = 362 fb™

90 ;_ Boe D’+K—K'0 — T'Otal fit

80F e Signal

20 o Background

 DKKr cross-feed

60 3 —— Data

50 [

40 £

30 F

20 F

10F i {
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B —» DYK- K((S))O EFFlClency estlmatlon

| "Estlmatedsg S|gnal MC o

o differential in e(mg- ), Mpexe) — to be independent from the 3-body
decay model of the MC

 Two examples of the efficiency maps:

Belle Il simulation preliminary Belle Il simulation preliminary

= 4r > — 4 >
A 01,10 — 0.18 - . x
O, 35 016 O. 35 2
S O 0.14 W S 0.025 L
IX 0.12 ,x 31
S X I 0.02
E 0.1 N— -
E 25
0.08 ; 0.015
0.06 2|
l 0.01
0.04 l
1.5
0.02 l 0.005
0 1 __u L 0
2 25 3 35 4 45 5 2 25 3 35 4 45 5

m(D°K') [GeV] m(D*K °) [GeV]



B - D<*)K K((S)>O Branchlng Fractlons

Channel

Yield

. Average ¢
e Observation of 3 new E—
LR men
*() * — 10 | — N -
(D*,D",D HK K | Firet _ 0 20
, , S observation E — D7 K" K ol £9 0.044
. . B> D**"K~K? 36+ 7 0.046
* X3 precision on B~ — DOK—K*O 325 + 19 0.043
) B .
DOKKQ and DKK ™ B°  DYK—K*° 385 =+ 22 0.021
modes B~ — D*OK—K*0 0.019

BY - D**K—K*0

 Extra:in the same final states,

jUSt reverting the Channel Yield (Ko / K*7) Average ¢ (K2 / K*°) B [1079
| My — Mype ‘ > 20 MeV veto, B~ — D°D; 144+12 / 153 £ 13 0.09 / 0.04 95+ 645
s : B° - D+*D- 145+ 12 / 159 + 13 0.05 / 0.02 890+5+5
we can obtain the worlg! best B~ — D*°D- 3046 /2947 0.04 / 0.02 65+ 10 + 6
measurement B — D( )DS_ B’ - D**D; 43+7 /37 LT 0.04 / 0.02 83+ 10+6

BFs, reconstructed in )
D; - K KJand D] - K K™

» These information can be now exploited in the Belle Il B-tagging algorithm — few % efficiency

gain expected
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B — D(*)K K((;))O Structures mvestlgatlon example channel

 extracted bkg-subracted and efficiency-corrected invariant mass and helicity angles with an sPlot
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L

B — D(*)K KOW. Structures mvestlgatlon example channel

RO

e _ —

Imagine to have this nice discriminating variable (AE):

And you want to know the signal and bkg distribution
of this other variable (Var), where is not easy to

20

What you can dois fit AE, assign a per-event-weight

according to the fitted distribution, and plottingthe -

the Var distribution of the events the applying this
weighs (sWeights)

[arX|v phyS|cs/O4020831

25 |-

distinguish signal and bkg ? ol

40 |

0 C !

e extracted bkg-subracted and efficiency-corrected invariant mass and helicity angles with an sPlot
Y A

(From MC)

\\\\\\\\\\\\\\\\\

(This again, from |
MC, but you
want it For data!)

g100 -

(From data)
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https://www.arxiv.org/abs/physics/0402083

B - D<*>K K<*>0

Structures mvestlgatlon example channel

 extracted bkg-subracted and efficiency-corrected invariant mass and helicity angles with an sPlot

» helicity angles (defined as for p)

o Oy isuniform— 3-body or J* = 1~

S

o Opr ~ cos?0— JF =

-

1200

—_
o
o
o

Weighted events/0.2
. o
3

-1 -0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1

0 Belle Il preliminary

fLdt =362 fb™

B — D'K K}

—— const, x¥/ndf=20/9

— Phase-space signal
== B— Dp(1450)" signal

—e&— Data

cos(GKS)

Weighted events/0.2

0 Belle Il preliminary

fLdt =362 fb™

[ —0 _

- B — D'K'KY
2000 [- —— cos?0, y2/ndf=7/9
| —— const, x¥ndf=29/9

1500 -
i const VS cos?6=50

e
o
o
o

— Phase-space signal
== B— Dp(1450) signal
—e&— Data

e

50: *LFW

-1 -0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1

cos(0,)
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B — D(*)K K((;))O Structures mvestlgatlon example channel

 extracted bkg-subracted and efficiency-corrected invariant mass and helicity angles with an sPlot

Belle Il preliminary [Ldt =362 fb™ Belle Il preliminary [Ldt = 362 fb
. ) 1400 T . 2500 F .
® Ql —0 oy Phase-space signal T 0 o ase-space siana
helicity angles: S o] B OKKE o 3 Feokk ST
- [ —eo— Data += 2000 B e cos? 2/ df= —e— Data
. . P . § 1000 — —— const, x2/ndf=20/9 § % windi=79
o O isuniform— 3-bodyorJ" =1 3 ol B y5op| o R
S _.CB .9 const VS cos’6=5¢
2 p -;E’,’ o0t '0531000
» Ogg ~cos”0—J" =17 =" N s |
200 [4——7—] + . >0 *LF'
1 | : T e =T S e
. . oL+ .
e |nvariant masses: ~1-0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1 0 08-06-04-02 0 D2 0.4 0.6 0.8 1
cos(By ) cos(8,)
o m( K K O) shows a Belle Il preliminary [Ldt =362 fb™
Clea r lo\f/ Mmass- 700 _ Eoe D+K_Kg Phase-space signal
600 |
StrU CtU re e B —> Dp(1450) signal

500 |
400 'JTL —e— Data

300} 4
200 | !

 The lineshape is more
complicate that a
single resonance

Weighted events/0.13 [GeV]

overlay 100 i T
orff—rl?ﬁﬁ ,,H++
OS2 25 3 ss

m(KK?) [GeV] >0



B — D(*)K K((;))O Invariant mass analy5|s (KO channels)

Belle Il preliminary [Ldt =362 fb™ Belle Il preliminary [Ldt =362 fb™
700 _ B — DOK K g —— Phase-space signal 700 _ §0—> DK K g —— Phase-space signal

Low-mass structures observed in
m(K _Kg) system

w B— Dp(1450) signal w B— Dp(1450)" signal

500 -
400 —— Data
300 | ! } \

—e&— Data

dominant JY = 1~ transition

Weighted events/0.13 [GeV]

200 | '
il Lo
one or more P’ resonances T T T B TR T
m(K"K?2) [GeV] m(K"K?2) [GeV]
Spin'even Sta teS*may be _ Belle Il preliminary [Ldt =362 fb”" _ Belle Il preliminary [Ldt =362 fb”"
o o o = - Ope-K© Phase-space signal % B’ D*K-K? ___ phase-space signal
interfering in D channel e R $ a0l B T DHKKS
( C Ol Or_SUppr e S S e d) g 250;_ e B— Dp(1450) signal g 150; e B— Dp(1450) signal
"UE) 200_ | —e— Data -.%) —e— Data
This model must be plugged in 2 1500 | |11 s O
o g 100} 3 L $
Belle Il MC, for B-tagging £l fﬁiﬁ ot | £ i o
tralnlng g Oi_llllllllllll 1T+l|.l+.ll:ljlr § 0{.111111+II_II--T+11[1..1111111
1 1.5 2 2.5 3 3.5 1 1.5 2 2.5 3 3.5
m(K"K?%) [GeV] m(K"K32) [GeV]
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B — D(*)K K(*)O Invariant mass analysis (K ° channels)

Belle Il preliminary

JLdt =362 fb”

Belle Il preliminary

JLdt = 362 fb”

o - B — DO K- K*o Phase-space signal > 8000 — §0_> D* K_K*O Phase-space signal
O 3000 _ " B> Da (1260) signal O©,7000 " B> Da (1260) signal
° ‘C'_) 2500 — - B— Da (1640) signal +— 6000 - B— Da (1640) signal
Low-mass observed in T T Seol AL L
m(K~K™") system % 1500) |
©
]

. . P S _
compatible withJ" =17 8 T S
trans|t|on 25 3 3.5 25 *03 3.5

m(K-K) [GeV] m(K-K") [GeV]
one or more @, resonances is the T i =gt -, P fudt= 202 b
most likely interpretation | 0 - onus st 0 l 2 oe 260 e
- [ - B— Da (1640) signal - B— Da (1640) signal
S 2500 | e om S 2500 .
This model must be plugged in ool [
° O 1500 |
Bel.le.ll MC, For B-tagging 2 1000|
training S 500}
< 0

m(K-K") [GeV]

m(K-K") [GeV]
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* A large part of the hadronic B width is not known in term of exclusive
decays

e This makes our simulations inaccurate and limits our possibility of exploiting
them, for background estimation in particular

- In Belle Il the this lack of knowlege limits the B-tagging performances

» SM measurements of hadronic /5 decays are very useful to reduce this lack
of knowledge. Two successful examples are:

B> D(*)K‘K((;))O [JEHP 08 (2024) 206]

- B~ — D%(770)” [PRD 109, L111103 (2024)]
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https://doi.org/10.1007/JHEP08(2024)206
https://link.aps.org/doi/10.1103/PhysRevD.109.L111103

Thank you for your attention!
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FEI modes with PYHTIA contribution (Dnz, n=3,4

B FEI mode Co»ntribution 7 B (%) B™ FEI mode  Contribution B°% (%) @ 9 rey: g e n e ra te d by PY H T I A

D—ntata0 D—ntntx® (NR) 0.20 Drta—ntn® D*qatgxtal 1.02
D= ptnt 0.20 DOt a—qt 0.64
D*0pt 0.09 D*0a} 0.56 . .
D™+ Do v o table from G. De Marino Thesis
E**Oﬂ--f-ﬂ.O 0.11 D*=pTn™ 0.14
0.64 E*Owﬂ' 0.00
Dnta—mt Dzt n~xt (NR) 0.46 20p0p+ 0.20
Eopoﬂ,* 0.39 D07]7l'+ 0.05
B(l)w* 0.04 Dptat m~ 0.20
~ 70, .+ 0
D'Iﬂfr“L 0.03 IZ W 0.00
0.+ 0.02 D wtat 0.10
Dy : 70 0, +, 0
Downt 0.01 S PR {1
111 D20p01r+ 0.02
- - o 4+
D¥rtr—nt  D*zta~xt (NR) 1.03 290“’: 0.00
B*Oa-lf- 0.91 290[) 7l'+ 0.03
D*0unt 0.01 D007r+7r0 0.05
D*0 forrt 0.07 Dy wrt 0.00
2.01 5;0w+7r0 0.02
Dor+aln®  D*pt 0.96 DY for* 0.04
Daf 0.15 _ 3.53
l_)*ow*';ro 0.03 D¥rtr—gatn® DOptx—atxa0 (NR) 1.80
DPpt 70 0.30 D* 0w 0.41
DO+ 7070 (NR) 0.10 D*opnt 0.14
D™t 0.04 D*p%* 0.49
D Ont 0.02 D*0upt 0.01
DOt 70 0.05 D*0p07t 70 0.40
1.68 §*0p+ﬂ'—ﬂ'— 0.40
D*0xtg070 D*%af 0.79 D*wr— 70 0.00
5*0p+7r0 0.05 E*Op_7r+1r+ 0.20
D*On+7070 (NR)  0.05 Dy pnt 0.01
D™ 0.05 D, wm -
0+ DY wnt 0.00
D" 'ntn0 0.04 Dywrt 0.00
D*0 fomrt 0.03 Biopo'rﬁ 0.03

1.02 3.89



https://theses.fr/2022UPASP144

CP-asymmetry in interference between mixing and decay:

N(B® = fep) — N(B — fep) (t) —

(Scp sin(Amgt) + Acp cos(Amyt))
N(B° — fcp) + N(E — fcp)

Acp(t) —

with Scp: time-dependent asymmetry and Acp: direct CP-asymmetry.
B°-B" mixing:

— BY) — N(B° —

)(t) = cos(Amgyt)

— BY)+ N(B° — E")

[FromThibaud Humair,

[MoriondEW22] |




Long S

——— T e B ————

Long shutdown 1 (LS1): LS1 activities:
czjgléaz-takmg sopped In JUly * replacement of the beam-pipe

* replacement of PMT of central PID detector (TOP)
e installation of 2-layer of pixel detector

- shipped to KEK mid-March

- final test scheduled in April

e improvement of data-quality monitoring and alarm
system

e complete transition to new DAQ boards (PCle40)
: : * replacement of aging components
Data taking restated in
February 2024! e additional shielding against beam backgrounds

e accelerator improvements: injection, non linear-
collimators, monitoring



Belle Il | ince
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% 0.8} e H “‘“‘m i‘m~ — 2~ + Plon - " . barrel region onl ‘
@] - A K ID eﬂuc:ency (data) 32 A e o 05Fh 9 y r
'é.:’ : L K IP eﬂucn;enCY (W) : Belle Il 2020 g - E 4 data Belle Il Prelmjilnary i
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. 1 [GeV/c]
PID still 20% worse than Belle but . . Phecol
. . Momentum resolution 20% better than Belle High photon effic
Improving : Ign phaoton efliciency, |
|
e |

P01 4 BelleSVD2 ([ £ dt = 571 b)) |
12541 ¢ Belle I1 2019 (preliminary) ([ £ dt = 8.7 ") i

Bellell

+ - 1)()”:

‘ . = 10.0- \
Belle 'F 7 a1 K00

Crecnive

o 207 + A ‘ |
) + 4 * | [From D. Tonelli]

) A
. \!u 004 & Aol |
; : 2 ' [ps? 0,000 ~ 0100 0300 0.250 0200 ~ 0.50 0500 ~ 0629 0.620 7 01 0750 ~ 08T 0810~ 1000 )
Nearly 2x better decay-time resolution r interval
than Belle Tagglng performance similar to Belle and |mprovmg |




beam

o Expected AE ~ O for
properly reconstructed
signal

e Sensitive to wrong mass
assignment (mis-ID)

Signal
1 Continuum
B BB background

0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE (GeV)

» Expected M) . ~ myfor

properly reconstructed
signal

e |Insensitive to mis-ID

r Signal
Continuum
BB background

5.2 5.22 5.24 5.26 5.28 5.3
Mbc (GEV/CZ)

= 0.3

A E(GeV

O
—h

O
)

O
ow

e 2 variable mostly uncorrelated

e tag-signal relation:

. £

tag

= E*

sig

B

i\)IIII|I|II|IIII|IIII'|IIIF|IIII




* in heavy-quark limit,
Factorization predicts:

 BFs are the experimental
limiting factor

e Before this result:

« R=0.69 £0.15

_ 0.113
e COSO = 0'9841_0.048

e e e e e —

B* — D%p(770)*: theory impact

o (37 B(DTp7) + B(D%°%) 1)z
2 10 B(Dop_) 2 ,

oS 1 (37, B(D"p~)—-2B(D°°) 1
2R \2 7, B(D%™) 2
(tt"? = lifetime of B

o After this result:
_ 0.11
e R = ().93_0.12

_ 0.012
e COSO = 0.9191_0.009
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Systematic uncertainties

Source

Relative uncertainty (%) ¢ ToyS with alternative

NBE
-

B )
~ Fit modelling
- m” efficiency

model

e data/MC ratio correction

Particle-identification efficiency
Continuum-suppression efficiency
Tracking efficiency

Total

1.5 % _
) e DY 5 DU - K ztaxt
5.3 vy and

D - D% - K nHa*

e as a function of momentum
and polar angle of !
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Measured
0.28

= — B = = = = — — e e —

s —

Motivations: the DKK opportunity

p \
| | - | | - -
| N = —— — = = ————— — = e = e
| I il
i

Belle studied the K~K Y mass distribution

| ° a)
' » far from 3 body phase-space |
- compatible with resonanta; — K"K ¥ .. |
resonance
T%1% " |
« angular analysis K"K % J” = 17 (agrees with a) - DT e ‘
1.5 2 2.5 3

l(- Kto) (e\"'/"')

e —————————
— e e ——

' o Also m(K _Kg) fFar from phase-space

— — — — — - — . —

S | | |
*The Belle Il integrated luminosity (3 2 fb1) already recorded allows:

I : o ¢ o
- to improve over the Belle measurement with higher precision

| |
- to observe additional 3 new B - DKKQ modes (2-3 sigmas in Belle paper)
- to understand the resonant contribution (¢, p"...) of this class of decays

- to perform the world best measurement of the four B — DD channels 63


https://www.sciencedirect.com/science/article/abs/pii/S0370269302023730

B — D<*>K K((S)>O Reconstructlon and selection

Decay chain BB and ¢g suppression
B — DUK~ K((S))(; ¥ 3 Oy 1 = . \/ (/5/2)* = P22 > 5.272 GeV
- K¢ = n'r | « B— DD ( — KK) veto: >
- K0S Ktnm o | mp — mgg| > 20 MeV
DY Kt TUTEEEEEeE * Best candidate selection:
g
O L o <somey
- 1) =y

e ... [see backup for full details and definitions/ 64
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Belle Il simulation preliminary
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mposition - Kg channels
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- = other bkg

e all the channels are
very clean

 some off-peak feed
across

. only in D"’KK{ has a

peaking bkg [next

slides]
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Events/0.003 GeV

» peaking feed across from

Belle Il simulation preliminary |Ldt=361.58 fo b
. B [other | D +KK§) (lost 7+ and
- B'— DKK’ 0
. B (signal D OKK? added a wrong )
25—
- 01 10 . : :
n B | feed-across DUKK; * yield estimated using:
20— feed-across D" TKK? —
. = ‘ - BR(B’ - D**K~K9)
15 .~ BR(B~ - D'K-K2) [ P°]
10[—
5
B
'& 1[ e O P e e o PP i L | [ -
D3 —02 0.1 0 0.1 0.2 0.3
AE [GeV]

e [More details in backup]
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[MC Simulation]

1
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Reconstructe

d sample composition - K™ channels
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Do not apply the cutin m(K+7t_)

perform a fit in AE to separate gg/BB bkg

use the sPlot to obtain the m(K ™z ™) distribution, free from
qq/BB bkg

Events / ( 0.025 GeV )

fit the resulting m(K "z ™) distribution

- Signal: BW phase-space corrected, with mean=mz+, and
free width

- Ekg:d)3rd degree Chebyshev polynomial (parameters
ixe

- vetoon m(K*n™) ~ my, for B - DUDK +veto [1.25
GeV,1.60 GeV] for additional K* resonances

Extract the fraction Ry, = Nppr./Npgr+ in signal region
(under the K* peak)

applying the cut | m(K™z7) — my. | < 50 MeV
Perform the AE fit, including the NR DKKx component

200

150

100

B — D°’KK®

+— sWeighted AE fit result
- fit - total model, ¥*=0.49
----------- fit - signal

fit - DKKn background

TopoAna-matched Signal

t TopoAna-matched bkg _
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Example of all the derived results for a single channel (BO — D
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B — D<*)K‘K((;)>O: systematic uncertainties

Source D°k~K% DtK~K? D*°k~K¢ D**kK K% D°Kk~K** DtK-K*® D*Kk-K*® D*tK-K*°
Eff. - MC sample size 0.5 0.8 1.1 0.9 0.5 0.7 0.9 1.2
Eff. - tracking 0.7 1.0 0.7 1.0 1.0 1.2 1.0 1.2
Eff. - 7" from D** - - - 2.7 - - - 2.7
Eff. - K2 2.4 2.7 2.3 2.3 - - - -
Eff. - PID 1.3 1.7 0.5 0.6 2.5 2.6 1.6 1.7
Eff. - 7© - - 5.1 - - - 5.1 -
Eff. - modeling 0.2 0.3 0.6 0.7 1.3 2.0 Sl 2.4
Signal model 1.5 3.6 2.3 2.7 0.8 1.0 2.5 0.6
Bkg model 0.8 1.1 0.8 0.8 1.1 0.4 0.2 0.1
DK K bkg - - - - 1.4 0.7 0.7 0.8
D*0 peaking bkg - - <0.1 . - - 2.0 -
Ngg 14 14 14 14 1.4 14 14 14
J+—,00 2.4 2.5 2.4 2.5 2.4 2.5 2.4 2.5
Intermediate Bs 0.8 1.7 1.6 1.1 0.8 1.7 0.6 1.1
Total systematic 4.4 6.1 7.1 5.7 4.6 5.1 7.8 5.4
Statistical 8.8 14.4 18.1 20.5 6.2 6.0 9.6 9.2
Source B~ —-DD; B°—- D*D; B~ —D*D; B°—D*tD;

Eftf. - MC sample size < 0.1 < 0.1 < 0.1 < 0.1

Eff. - tracking 0.8 1.0 0.8 1.0

Eff. - 77 from D** - - - 2.7

Eff. - Kg 1.2 1.2 1.2 1.2

Eff. - PID 1.9 2.1 1.1 1.3

Eff. - 7° - - 5.1 -

Signal model < 0.1 < 0.1 1.1 0.3

Bkg model 0.7 0.7 1.6 0.1

DKK bkg 1.7 2.1 6.1 4.5

D*0 peaking bkg . - 0.6 -

Ngg 1.4 14 14 1.4

f+—.00 2.4 2.5 2.4 2.9
Intermediate Bs 2.5 2.9 2.8 2.9

Total systematic 5.0 5.6 9.5 7.0

Statistical 6.0 5.9 15.2 11.9
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Table 5. Possible angular distributions given a specific spin-parity state of the K~ K ((;gu system,
subdividing between pseudoscalar channels (D°, D*) and vector channels (D*°, D**). The hyphen
(-) stands for a forbidden spin-parity assuming factorization and exact isospin symmetry; mix
stands for a polarization dependent distribution; const stands for a uniform distribution; the T
symbol indicates that the uniform distribution requires S-wave dominance.

expected anqgular distributions

K~ K*Y channels K~ K? channels
DY DT channels D*% D** channels DY DT channels D*% D** channels
J¥ dN/d0kxx dN/d0g+ dN/dOxx dN/d0g~ dN/d0kxx dN/dOk., dN/dOxx dN/dO0k.
Three-body const const const const const const const const
0~ const cos® 0 const cos® 0 - - - -
1~ sin® @ sin? 6 mix sin® 6 cos? 0 const mix const
1t const’ const! const! const! - - - -
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FEl calib -

e SL FEI calibrated using B — D*£1v sample

- BF measured in data and MC
- Discrepancy due to FEI—scale Factor
e Hadronic FEI calibrated using B — Dx
- Partial reconstruction of B — D, reconstructing only the 7™
- Recoil mass calculation: fit the D and D* signal, with easy-to-model bkg

e Hadronic FEI calibrated using B — X¢v

- minimal requirement on signal side (lepton)

- Data and MC comparison in M,
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