 (OFL 2 Ve

University of Chinese Academy of Sciences

Measurement of the CKM angle y using
B* — D*h* channels

arXiv: 2310.04277

Lei Hao
On behalf of the LHCb collaboration

CLHCP 2023

2023/11/15 CLHCP 0



http://arxiv.org/abs/2310.04277
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* Selections

* Invariant mass fit

« Systematic uncertainty
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arXiv: 9612327

CKM matrix and CP violation s i e

« CKM matrix is a 3xX3 unitary matrix, elements represent the strength of flavor-
changing weak interactions.

d” d Vua Vas Vb
s'"| = Vekm |s |, where Vegm = [Vea Vs Ve
b’ b i Via Vis Vi |

« Parameterized by 3 mixing angles and 1 CP violating phase.
* VuaVup + VeaVep + VeaVep = 0

« CKM phases are related to CP violation (CPV).

_ VeaVeb \ . p _ VeaVeb\ .., — VudVup
udVyb tdVtb cd¥ ch (0,0) (1,0)
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https://arxiv.org/pdf/hep-ph/9612327.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.030001
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* Direct measurement of y  Indirect measurements
« Accessible at tree-level « Some inputs include loop processes

« Assuming closed triangle.
« New Physics (NP) expected to contribute
through loop processes.

« Benchmarks of the standard model.

A discrepancy between direct and indirect measurements would be a clear sign of NP.
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http://ckmfitter.in2p3.fr/

Measure y in BT - D*K* PhysicsLettersB265 (1991) 172-176

Favoured b — ¢ Suppressed b = u

» Access to y via interference between b —» c and b — u.

. AB">D'K™) _ TD*Kei(6g*K—y) A(BT-D'K™) _
A(B--D*k-) B > A(B*>D*K™)

« Interference o cos[65 K + y].

* .- oD*K
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https://www.sciencedirect.com/science/article/abs/pii/037026939190034N

BP-GGSZ method

Phys. Rev. D 68, 054018

* Multi-body D decays are used to study CPV in various regions over phase space, can

be split into bins.

« D > KJh*h™ decays (h = K, )

Amplitude of D(D) decay [ Square of mass of KOht

* A(B* - D(*)h+) X Ap(sy,s¥) + AD(S+;S+)TB Vhei(05 Vha)

* Presence of resonances in D decay provide variation of amplitude over phase
space for extracting y.

» Knowledge of D decay is necessary to disentangle y, from charm factory (BEIll and CLEO-c).
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https://doi.org/10.1103/PhysRevD.68.054018

CP observables in BP-GGSZ method

* Model-independent measurement.
« The optimal binning scheme is used in this analysis.

« Signal yields in bin (i) are related to CP observables.
.« N[ (Fl- + 2+ YD) F 4 2 (i + Sl-y_))
© N o< (F_; + (x5 + y2)F; + 2fpey FiF_i(cixy — 5:74))

F;: fractional yields of D° in bin i.
determined mainly in D*mr mode.

Factor describing m phase difference
between D* —» Dr° (1) and D* —» Dy (—1)

c;, S;: the cosine and sine of
the strong phase difference of
D° — D? decay in bin i.
inputs from BESIII and CLEO-c.

* D*m mode contributes to the measurement of y.
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https://arxiv.org/abs/1804.05597

Data and simulation samples

» Samples: RUN1+RUN2 datasets.

 Simulation samples: obtain the shapes of signal and background

* Signal simulation samples:
« B* 5> (D* > (D -» KJhh)n®/y)h*, h=K,n

« Partially reconstructed background simulation samples

2023/11/15 CLHCP 7




Constrain and selections

e The invariant masses of D, K and 7 are constrained to PDG value (e theor
Exp. Phys. 2022 (2022) 083C01), B* constrained to originate from PV.

 For the final-state charged tracks, requirements are placed on the track
quality, momenta, IP and so on to suppress random tracks coming from
the PV and backgrounds.

» Boosted decision trees (BDT) are used to reduce combinatorial
background . J. Comput. Syst. Sci. 55 (1997) 119

» Charged final-state tracks: the same as B* — Dh* GGSZ analysis, variables used
include the momenta, vertex positions and so on.

 Neutral BDT:

* Reduce the combinatorial background with the D* — Dr®/y reconstruction.

 Variables used include momentum, confidence level of y and so on.
» Optimized by the minimizing the uncertainty of the y angle based on the toys.
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https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1006/jcss.1997.1504
https://twiki.cern.ch/twiki/pub/LHCbPhysics/GGSZB2D0KModelIndependent/2020-07-29_v8_B2Dh_ANA.pdf

« Unbinned, extended maximum-likelihood 2D fit is performed simultaneously to mass
distributions m(Dh*), m(Dr®/y) in each of categories (D decay phase space bins, B
charges, B decays, D decays, D* decays).

Fit simultaneously and drawn with the 500
B charges and D decay phase space
bins merged. 100-

Solid color components contribute to
the CKM angle y measurement
dominantly.
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CP asymmetry

Points with error bar are obtained from the
alternative fit where the signal yield in each
category is a free parameter.

Solid line indicate the CP asymmetry predicted
with the CP observables.
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and prediction with CP observables.

Bin asymmetries between D* — Dr® and D* — Dy are opposite in sign.
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Systematic uncertainty

The strategy for assessing these is
similar to past B¥ - Dh* analysis.

Fitted with correlation in the B* - D*h*,D* - Dn® component in ¥ mode.

All uncertainties are quoted with implicit: x1072

Source o(@2"X) | o(@P"X) | o(yP"¥) | o(y2'X) | o(P™™) | oyl
Neglecting correlations 0.05 0.03 0.19 0.04 0.70 1.48
Efficiency correction of (c;, ;) 0.53 0.18 0.18 0.20 0.64 1.73
Invariant mass shape parameter 0.09 0.16 0.20 0.05 0.39 0.06
Fixed yield ratios 0.09 0.03 0.03 0.01 0.33 0.15
Bin dependence of the invariant-mass shape 0.40 0.38 0.41 0.33 1.78 1.57
DP bin migration 0.32 0.70 0.03 0.17 1.20 2.00
AY background 0.97 1.34 0.55 0.77 1.13 1.43
Semileptonic B backgrounds 0.27 1.29 0.02 0.67 0.03 0.04
Merging data subsamples 0.06 0.02 0.12 0.03 0.06 0.34
CP violation in B¥" — DK=n"¥ 0.03 0.13 1.97 0.99 0.13 0.68
Total systematic 1.26 2.04 2.12 1.48 2.66 3.78
Strong-phase inputs (external) 0.41 0.23 0.30 0.64 0.93 0.83
Statistical 3.16 3.55 4.41 3.98 5.00 5.04

Fitted with CPV in B¥° — DK*r%F components.
The systematic uncertainties are smaller than statistical uncertainty.
CLHCP
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Simultaneous fit performed to data subsamples.
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CP observables and measured y

LHCb !
031 g gt
* CP observables measured, uncertainties are ]
statistical, systematic and due to external R et
nputs. a1 :
» xPK =( 11424316+ 1.26 £ 0.41)x1072 N
« xPK =( —89143.5542.0440.23)x1072 04020100 01 02 0

e yD'K = ( 3.60+441+2.12+0.30)x1072

P
« yP'K = (-16.75+3.98 + 1.48 + 0.64 )x1072 y = (69 + 14)°

+ xf"=( 051£5.00%266+093)x1072

* 1 T
\ + yP ™ =( 79245044378+ 0.83)x1072 / o

— 0.8 P ]
. . N\ 0.63— (693 -
« Consistent with world average. : |
04 esaw LA ]
* The most precise determination using this channel. ool §

( Improve sensitivity on y combination. Y - T R—
y [°]
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 RUN1+2 data analysed.

* Model-independent method used to measure y.
* Yields measured in bins of phase space.
« External measurements of strong phases used to access y.

* Measured value is y = (69 + 14)°, in agreement with other results
and the most precise in B* — D*h* channels. Statistical uncertainty
dominates.

« B¥ - D*h* is an important channel for y measurement.
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