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Introduction

Motivation

- AY)— Dy p not yet observed

* Background in CKM 7y angle measurement using
B% — DT K* decays

 Hadronic decay probing amplitude of b — u

transition
* Only first order diagram ( b
+ B~ Dy p) o | Vil lane (D p) PPy 23,
b AVS d > d P
* fp, Decay constant b
. FA%—W Form factor U >

* ANF Non-factorisable effects, due to
QCD interactions between Ds meson and a
proton

Similar to B — D;WJF decay [Eur. Phys. J. C 81, 314 (2021)]
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Introduction

Motivation

- A)— Dy p not yet observed

* Background in CKM 7y angle measurement using
BY — DFK¥* decays

* Hadronic decay probing amplitude of b —

transition
* Only first order diagram . b
+ B(AY— D;p) o< |Vl lane (Dy p)[*|Fro |2 f7, .
* /b, Decay constant b
. FA%—W Form factor | . > y

* ANF Non-factorisable effects, due to
QCD interactions between Ds meson and a
proton

Similarto B® — D, 7w decay [Eur. Phys. J. C 81, 314 (2021)]
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Method of branching fraction determination

- Normalisation channel: A} — A7~
* Topologically similar and high statistics decay

Nagsprp €agsatn B(Af — pK—t)

+ B(A}— D;p) = B(A)— Afn™)

Npo_, gt - €405 D5 p B(Dy — K- K*tm~)

* Yields = |Invariant mass fits
* Efficiencies = Calculate using MC corrected by data

* Branching fractions = PDG
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Event selection

* Full Run 2 data-set (6 fb') collected by the LHCb detector

* Preselection of tracks with high transverse momentum
* Good-quality of b-hadron and c-hadron vertices

* Combinatorial background suppressed by BDTG (Gradient-Boosted Decision Tree).
Use of geometrical and kinematic variables like transverse momentum, vertex fit x? and
flight distance

* Explicit vetoes of cross-feed backgrounds

* Particle identification (PID) of the final state particles
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Selection - particle identification

/12% D, p

0 +, =
Ay — AT

Basic = Full w/o PID companion
—+—— Basic + PID companion fail
—<+— Basic + PID companion pass
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Selection efficiencies — intermediate results

A breakdown of the relative efficiency ratios of the Ag — AT~ and Ag — D p decays,
calculated after applying the preceding requirements.

Requirement Ratio E(Ag - A;}_?r_)/e(./\_g — Dg p)
LHCb acceptance 0.9625 + 0.0016

Software trigger and preselection 1.1370 £ 0.0026
Kinematic and geometric selection 0.7580 + 0.0018

Particle identification selection 1.278 +0.005

Hardware trigger 0.995 = 0.006

Total 1.070 4 0.010
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Invariant mass fits
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Control samples

* Use control samples to constrain misidentified backgrounds in signal sample

Control samples

Normalisation sample
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Fit to A7 — D; p candidates

Main components:

» AY— Dy p signal

* Combinatorial background

* Partially reconstructed background /12 — D" p
* Misidentified backgrounds

« DT 7 Hlike + Dy K T -like
- B’ Doat - B> DFK*
- B D pt - B DIFK*
- BY 5 D xt - BY— DFK**
- BY— D p" - BY— DT K
-B’5 Dy Kt
- B’ DI KT
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Fit to A — D7 p candidates - D, 7" sample

+ Data 1 B!—D:pt EABY— DIt B - D;nt [ B°— D r*
------ B) = D;xt [ BY — D;pt B »prxt HE B> DIk HE A) - Afn
[ Combinatorial

Misidentified backgrounds: D_ 7 -like

—~ . rrrr 1t 11 ]

- Data-driven strategy Nﬁ 20000 [ A LHCH -

« Very clean, high statistic mode % i A

* Same selection except companion PID cut = 15000 F 6 1b -
*  Obtained yields of: L
- B Dot I

s s T % 10000 F ;
- By, — D;p =

+ B) = Di ™ i : :

0 *— + g o000¢F .

° BS — DS p 8 i :
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D 7T -like components
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Fit to A} — D; p candidates - D; K™ sample
+ Data 3 B — DK+ [0 B°— DFK* OB D;pt EEA »Dp 3B — Dt

----- BY - DIK* B+ D;K* EEB!—-DJK* EAB)—-D; 7" HRA) —~ D.p B ) 5 AYK
3 Combinatorial ] BY - D**K** [ 1B? 5D pt EERB’ - D;xt [CIB°-D K" HRA) - A

Misidentified backgrounds: D, K T -like
* Data-driven strategy

* Very clean, high statistic mode

* Same selection except companion PID cut

* Obtained yields of:

- B 5 DFK*

- BY 5 DT KT

- B DFK**

- BY 5 DT g+

+ B> DK™

- B DKt 000 5200 5400 5600 5800 6000
under the A — D p hypothesis m(DTK*) [MeV/c?]

D, K *-like components
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+ Njo, p-p =831£32

Fit to AY — D, p candidates - result . Crystal clear discovery
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Normalisation channel: fit to A — AT 7~ candidates

Main components:

. A% — AT signal

* Combinatorial background

* Partially reconstructed backgrounds

« A)— Atp and A) = i
* Misidentified backgrounds
- B> D x" and Bg — D7 7w yields obtained in a data-driven way
. A(g — Aj K~ yield calculated using corresponding branching fractions and efficiencies
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Fit to A} — Af 7~ candidates - result
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Systematic uncertainties

Source

Relative uncertainty (%)

Invariant-mass fits:
m(Dg p) fit:

Signal parametrisation 0.54
Combinatorial background parametrisation 0.73
Constrained /fixed yields 0.71
Specific background parametrisation 0.89
m(AT 7)) fit:
Signal parametrisation 0.27
Combinatorial background parametrisation 0.04
Constrained /fixed yields 0.03
Specific background parametrisation 0.01
Efficiencies:
PID efficiency 0.49
hardware trigger efficiency 1.15
Reconstruction efficiency 0.50
Total 2.01
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Branching fraction result
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Reminder (Obtaining the branching fraction)

NAg—m;p €A AT - B(Aj o pK_W+)

+ B(AY— D p) = B(A)— Afn™)

Npo_, gt n— €405y B(Ds — K- K*n~)
* Yields = Invariant mass fits
» Efficiencies = Calculate using MC corrected by data

* Branching fractions = PDG
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Results

Inputs for the branching fraction measurement

A} — D;p A)— Afn™
Yield 831 + 32 (4.047 £+ 0.007) x 10°
Efficiency (0.1819 £ 0.0013)%  (0.1947 £+ 0.0012)%

B(A} — Af7m7)
B(D: — K~ K*tn™)
B(Af — pK~nT)

(4.9 £04 )x 1073
(5.38 +0.10) x 102
(6.28 £0.32) x 102

A9 D>
B2 Dip) ) 5
B Arn)

+ B(A}— D:p) = (12.6 =

- 0.9

0.10 -

- 0.3 -

-0.054+0.14) x 107°

-1.2) x 107°

*  World’s first measurement of this branching fraction
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Thank you for your attention!
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Previous limit for A — D, p branching fraction:

| pD, <48x 101 CL=90% 2364
I'( A} — pD; )/Tiora T'gs/T -
VALUE Cl% DOCUMENT ID TECN COMMENT
< 4.8 x 1074 20 AAlJ 2014Q LHCB pp at 7 TeV
References:

AAII 2014Q JHEP 1404 087 Searches for A7 and =) Decays to K% pr— and K pK~ Final States with First Observation
of the A} — K% prn— Decay
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Fit to A7 — D; p candidates

AY— D7 p signal:
* Sum of a double-sided Hypatia

and a Johnson Sydistribution

Partially reconstructed background /12 — D" p:
« Used the sum of a ROOHORNSdiniand a RooHILLdini function

Combinatorial background:
* Not exponential

* Due to changed mass hypothesis of companion ’71'Jr — P

* Described by RooDstDOBG:

C(m|mgy, A, C) = (1

— eap(— M) x ()4

* Exponential used for determination of systematic uncertainty

|

CERN
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Johnson Syfunction:

Having defined the following parameters:

c(v,7) = ;
\/%(w — 1) (wcosh 2w + 1)

m — (p + c(v, 7) + oy/w sinh w)

z(ml.‘u’} g, Vv, T) _ ’
Ca
sinh™ z(m|u, o, v, 1
T(mlp} o, U, T) = —ur + ( T‘rua s 1y ) }

where m is the observable, the Johnson Sy function is expressed as follows:

1 1

J(mlp, o,v,7) =37 (mlnvir)?

2me(v, 7)o NI AR
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Double-sided Hypatia:

Having defined:

A—

b=

1
1 oB(m ”)K)‘_

2
h(m|p, o, N\, ¢, B) o< ((m — p)* + A2(¢)o? 1+(u) ,
(mlp, 0, A, ¢, B) o ((m — p)” + A3 (C)o”) ¢ YRGE
where m is the observable and (u, o, A, , 3) denotes the set of parameters. Knowing that

the first derivative with respect to m is given as h', the double-sided Hypatia function H
is expressed as follows:

(%] [

H(m|#: g, /\1 C:- B:ala ni, ds, ?’12) X

. e g e
h(m|p., g, A:C:ﬁ): if e > —ap Or E— < Qs ,
h"(mlﬂ'_algvﬂzg!)‘!c-sﬁ} s Mm— L
< 1 him|p—aqo,u,oc,M.C.0) 1 lf S —a ,
( _m/ (nhf(m|p,—ﬂ,ld__“__d'__)\,c,ﬁ] _a10)>

h"(mlﬂ'_aﬁ'ga”:o’!)‘!Caﬁ} : M
1 him|p—ago,u,o,X,C.0) n2 3 lf P 2 az .
\ ( _m/J (nh.’(mhu—aza,p,a,)\,q,ﬁ] _azo))

The K, functions are special Bessel functions of third kind, whereas A, is defined as:

A? CKA(C)

MKw(Q)
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HORNSdini and HILLdIni:

The HORNSdini and HILLdini PDFs are defined as

RooHORNSdini(ula, b, €, o, f4, Ry)
+ b

[(-5)

RooHILLdini(u|a, b, &, 0, fy, Ry) =

’ 1 — b¢ —
]; —(z —a)(x — b)D(z|p, 0, f,, Ry) (b_i:rJr f_;)d:r:,

]

1—¢  b—a
D(m“’t?g’ﬁqjﬁg) (b—ﬂ:r—|_ b—ﬂ- ) d:ﬂ 3

where D(z|u, 0, fy, Rs) is a double Gaussian function defined as

D(.’I?‘,LL a, fH?RU) — G($|;{‘LJ) + fQG('TI-u:-RUJ) :
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