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Introduction

» B! meson family is unique in the
Stand Model

» Formed by two open heavy
flavor quarks: bc

» Ground state weakly decay only

» Rich structures in the spectrum
of (bc) system

» Rich decay modes

» Either b or ¢ quark can decay

with the other as spectator

» b and c quarks can annihilate to
a W™ boson

Mj., GeV _
7 557 Table 1. The mass spectrum of (bc) with account of the
: 4P spin-dependent splittings
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Fig. 1. The mass spectrum of (b¢) with account of the

spin-dependent splittings

» This talk covers a selection of ATLAS results
> Relative B./B* production measurement at 8 TeV — Phys. Rev. D 104, 012010

» Study of the B — J/¢DF and BF — J/¢D}" decays in pp collisions at /s = 13 TeV

with the ATLAS detector JHEP 08 (2022) 087 (£
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Relative B /B" production measurement at 8 TeV

» Motivation:
» Unique probe for heavy quark dynamics
» test of the QCD prediction;
» important input for heavy quark production models;
» complements CMS and LHCb measurements;

o(BE)-B(Bf—J/vnt)-B(J/p—ptp~)
o(B+)-B(Bt*=J/yK*) B/ p—utp—)
» Common systematic uncertainties mostly cancel

» Measure the ratio:

» Fiducial region of the measurement:

> pr(B) > 13GeV, |y(B)| < 2.3

» |n addition to the full bin two bins in pr
(13 < pr(B) < 22GeV and pr > 22GeV ) and two bins in
rapidity (Jy| < 0.75 and 0.75 < |y| < 2.3) were defined
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B /B production: results
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B /B production: results

Measurement pr(B) ly(B)| Result [%]

ATLAS 8 TeV > 13 GeV <23 (0.34+0.0473% +0.01)
bin 1 13-22GeV <23  (0.44+0.07 7507 +£0.01)
bin 2 > 22 GeV <23 (0.24+0.04 £135° +0.01)

LHCb 8 TeV <20 GeV  2.0-45 (0.683 + 0.018 4 0.009)
CMS 7 TeV > 15 GeV <16 (0.48 +0.05 £+ 0.03 £ 0.05)

» Lower than the LHCb result (4" for more forward and lower-pr fiducial volume:

» Fairly consistent with the CMS result (£ in a similar (but not identical) fiducial volume:
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Study of the BY — J/¢D" decays: analysis outline

color-favored spectator:

>

>

B — J/yD{" decays observed earlier by LHCb (PRD 87 (2013)
112012(£) and ATLAS (EPJC 76 (2016) 4(£).
This analysis aims at more precise measurement of B — J/1D{"
branching fraction and polarization with full Run-2 data

> Test various approaches predicting these (perturbative QCD

calculation ), relativistic potential models. .. =

Decays Bf — J/@ZJDS(*)Jr can occur through b decay with c as
spectator, or through annihilation diagram
BE — J/p(ut 7 )Di (= (= KTK™)xt)
BY = J/(u*u)Di (= Dy /)

» Same reconstructed final state, soft neutral particle escapes detection

» Transition of a pseudoscalar meson into two vector states (can be
described in terms of three helicity amplitudes: Ay, A—_, Aoo)

Reference channel: Bf — J/yn" (use it for B measurement)
Define fiducial range of the measurement: pr(B;) > 15 GeV,
In(B) < 2.0

Measured quantities:

» Ratios b/w B of signal channels and B(Bf — J/¢7™)
> Ratios b/w B’s of signal channels (to cancel some of the uncertainties)
> Transverse polarisation fraction I+ /T for Bf — J/Di+
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Study of the BY — J/yD)" decays
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» improve sensitivity to RD;‘Jr/Dj' o ;
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Study of the BY — J/yD)" decays: B — J/imt
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» Selections similar to those of the signal channels 1000¢ 2 ]
» To suppress combinatorial background additional 500 .

requirements are used

NN
%\ Y

Pulls
l\“J o l\‘)(')
L £ N

» The yield of the B — J/vn" decay signal is
extracted with an extended unbinned

maximum-likelihood fit to the distribution of 5800 6000 6200 6400 6600 6800 7000
J/mT mass. mEIT?) [MeV]

Parameter Value

mg+ [MeV] 62745 £1.5
Op+ [MeV] 47.5+25
NBJ%J Pt 8440+i§8
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Bt — J/yD{: results

ATLAS
ATLAS (Run 2) L L >4 Y
LHCb (Run 1) —— . e
ATLAS (Run 1)
Rpt jnt =276 £ 0.33(stat.) + 0.29(syst.) £ 0.16(br.f.) acoem| = E :
QCDSR| = L]
Rps+ jm+ = 5.33 £0.61(stat.) £ 0.67(syst.) = 0.32(br f.) ceau| - —
Rps+/py = 1.93 & 0.24(stat.) & 0.09(syst.) T T .
l++/F =0.70 £ 0.10(stat.) & 0.04(syst.) o » -
e e R T
Roye Rotire Roeio; ra/r

» All results are consistent with the earlier measurements of ATLAS and LHCb.

v

Rps+ /+ described well by the predictions

» Rpt .+ and Rps+ p+ predictions consistently deviate from data — except QCD PM (PRD 61 (2000)
034012W (') perfectly agreeing

» 14/l agrees with naive spin-counting estimate of 2/3 and larger than the dedicated predictions

» The precision of the measurement exceeds that of all previous studies of these decays
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Bt — J/yD{: results

» The measured ratios of branching fractions and the transverse polarization fraction can be compared to
the corresponding quantities of the other B mesons.

r(B — D*DY)

D+ /et ~N —_ > 7 Assuming that the colour-favoured
s /77 r(B — D*7r+) spectator diagram dominates the decay
- amplitudes
r(B*)D*D:+) T As T T T T
RD*+/ B e 3 ATLAS (Run 2) — —i— ——t ——t
s /T F(B — D*7T+) LHCb (Run 1) e
rB — D*D*) B 50" B | —— - e
Rest o 8 ————— S 7 8%~ DD /D1 —— - —— -
D/ D; rB — D*D;‘+) BY.. D¥DL/ DT /.
B = JIypK* - -
B"- JIgK*® - N
0 0 _ = .0 BY- Jye =
—+ * * *— IR PR N - (O I B IO A WO | I IR 1 G
> B*Szands for B ! B » or Bs and D 1S D ! D » or 1 2 3 4 6 8 115 2 25 302040608
DS RD;/rr RD;‘/n* RD:‘/D; r/r

Assuming that the colour-supressed

spectator diagram dominates the decay » Supports the assumtion that the
amplitudes :
: : colour-favoured spectator diagram

(B — J/YvK*) : )
Rpz+ /g ~ [(B — J/UK) ‘G dominates the decay amplitudes

> B stands for BT or B® and K(*) is K(*)*+ or K(*)0
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Summary

» Two recent ATLAS results on B production and decay was presented:

» Relative B./B™ production measurement at 8 TeV — new data in an energy and fiducial
volume regime for which no prediction exists, and some indication of pt dependence in the
ratio.

» Study of B — J/st(*)+ decays — the precision exceeds that of all previous studies of
these decays.

» For B physics, Run 2 provides more than order-of-magnitude higher yields

» Lots of further possible measurements on production, decays, and spectroscopy of B
mesons — many interesting results are still to come!
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ATLAS detector and trigger
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Bt — J/yDY: BY — J/yDET selection

» Preselection

>

vVVyVYYVYY

>

>

> BDT

>
>

>
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pr(p) > 4GeV, In(p)| < 2.3, pr(trk) > 1GeV,
[n(trk)| < 2.5

Loose muon identification WP

m(K*K™) within &7 MeV around PDG
x2/n.d.f(BF) <2

Ly(Bc) > 0.3 mm, Ly(DF) >0

|dgV (BE)/ogpv (B) <5 and
|Z§V(Bj')/ozévv(Bj')| < 5mm w.r.t the PV
pr(BF)/ > pr(trk) > 0.1 (sum over all tracks from the
PB)

remove 5340 < m(J/1¢) < 5400 MeV range

Signal — candidates from simulated samples
Background — sidebands of J/4D;" system mass
distribution defined as the unification of [5680,
5900] MeV and [6400, 6800] MeV
Input variables:

> pr(DS), Ly(DS)

> cos0*(r), |cos® 0'(KT)| (for D)

» cos0*(Df), cos0'(x™) (for BY)

o
N
a

A.U./0.04
<}
N

015"

0.05

Tatiana Lyubushkina

T T
Vs= 13 TeV, 139 fb™*

T
ATLAS

[ —— Data sidebands
- B~ JIYD,

-+ BLJWDY, A,
. B;‘J/w;‘, A,

.O.‘4
BDT output
Dataset 1: candidates in the events
collected by the standard dimuon or
three-muon triggers without
requirements on additional ID track.
» can be safely used to measure
Ros jmtr Roztjat
Dataset 2: candidates collected only
by the dedicated B? — 't~ ¢
triggers and not by other ones used in
the analysis.
» improve sensitivity to RD;‘*'/D;"
Cea/T
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— J/pDT it

T T
200 F—e— Data ATLAS | ATLAS

> =
2D fit to extract the signal parameters — 2 o . S 1eof + N
+ d h J helici I Q 180 B?‘ad/‘\‘w' (s=13Tev, 139 fb™ 4 % 5=13TeV, 139 fb
m(J/¢Ds ) and the /d} elicity angle 5 160F g LY, A, Dataset 1 E g o Dataset 1
+ + o 2 140 e B0 A E S 1208~ ——
Bf — J/¢¥D; signal 2 150 [ — - Cominatoia background 3 o0

»  mass: modified Gaussian 122 80
» |cos@ (uT)|: MC kernel template 60 b T
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[}

L S n '

BF — J/¢¥ DI signals, separately At or r d : :
and Agy components s ol ! Il'Lr"Il' o -Il_- Z

2r E -2 k|

> mass. MC kernel templates (Same 5800 6000 6200 6400 6600 6800 0 0102 03 04 05 06 07 08 09 1

in DS1 and DS2) m(IYD]) [MeV] lcose()]

» |cos® (u)]: MC kernel templates
(same in DS1 and DS2)

T 60 P To! RS
—— Total it

T
ATLAS
Vs=13TeV, 139 fo*

Vs=13Tev, 139 fb™

Dataset 2 Dataset 2

Entries / 0.04
@
3

Background

Entries / 20 MeV/

> mass: exponential (same slope in
DS1 and DS2)

» |cos® (1T)]: 2nd order polynomial
(same parameters in DS1 and DS2)

. 0
Total yields N 1 . 2F ]
_ B i e e e I o B
> NB;_)JM)D; =241 +28 2 i 2} 1
J— 5800 6000 6200 6400 6600 6800 01 02 03 04 05 06 07 08 09 1
> N Bf —J/yDst — 424 + 46 mIYD?) [MeV] cosB(u)]
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BF — J /DT
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Jd ko __| P TR D B ] Parameter Value
il Bl L r=q-n g ]
5800 6000 6200 6400 6600 6800 0 01 02 03 04 05 06 07 08 09 1 mBj’ [Mev ] 6274.8 £ 1.4
mEIYD)) [MeV] [cose' ()] Ogt [MeV ] 11.5+15
(=
o ATLAS E S 60T ATLAS B I'p*+ /p+ 1.76 +0.22
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[ B2 0] 1 8 1 fre 0.70£0.10
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Bt — J/yDT: BY — J/yprt selection and fit

» Same cuts as in B — J/zst( A 3 Faas” T e e ent ]
> pr(u), ()], [n(trk)| ] 20 - Dam E
> pr(BF)/ > pr(trk) > — Total ]
> L (B}) 2 2000 i dpr i

YA e H F \\ - B YK 1
w r s Be o JIgp” B

» Further cuts 1500; ~ —-Combin:lorialbackground?
> 0PV (B oy (B <3 and |V (B ) o pv (B <3 E
> \?/n.d.f.(BF) <18 F ]
> pr(7T) > 3.5GeV 500F .
» Veto 7T candidate tracks identified as low-p+ muons - 1

oF . ]
> Fit model o F £
» Signal: modified Gaussian FE | H !Ju i T H " "'H i'ﬂ LJ ™
> BF — J/¢pKT: MC template (relative rate to the signal 2 E
fixed to PDG*efficiency ratio) 5800 6000 6200 6400 6600 6800 7000
» Combinatorics: 2-parameter exponential, m(I/Yrr) [MeV]
exp(—agm - (1 + aim))
» PRD component: Parameter Value
» MC suggests it'd dominated by B;"_—) J_/wp‘*' mg+ [MeV] 62745+ 1.5
» It has A++ and Agp components with different mass c
shapes O'B:r [MGV] 475+ 25
> Fit with a sum of two MC templates, leaving the fyo +550
floating NBJHJ Yt 84407579
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Ratios calculation

>

> B(DF — p(KTK™ )+

>

RDﬁ*

R

)*/ﬂ.+ -

D:t/Df =

S1

* NP
BB — J/wDSy Mgt

€BF s /pmt « 1

B(BS — J/ymt)  Ngi .y yn

DS1
B —J/wD)*

. ot DS1&2 DS1&2 £DS1&2
B(BS — J/¢vD:T) Vi —u/yDrt B —J/yDF | o _BE—J/wDd
+ +) — pyDSi&2 £DS1&2 = "'prt/Df £DS1&2
B(B — J/¢Dg") NB+—>J/¢D+ B+—>J/¢D*+ B*—u/wo**
1
Ept
BF —J/yDz )
IO T Bt fegr L apuoptoane T FEE) 26t 1 pu0rt A
DS1¢2 )
- B —J/4D
Myt /T =1fr4 X DS .
B —»J/yDsT Ay
Mode B —>J/wx [%] g?ﬁi/wx [%]
B — J/?/)D;r 0.971+0.012 1.163+0.013
Bf — J/YD:t, A 0.916+0.012  1.088 +0.012
B — J/1/)Ds*+, Air+ 0.868+0.010 1.049 4+0.011
B — J/'gZMrJr 2.169 +0.018 -
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B(DS — ¢(K+K—)nt

)

7’

) taken as m(K™ K~ )-dependent, using CLEO measurement, recalculated to +7 MeV

1)

()

®3)

(4)

18 /11



Bt — J/iD{)*: systematics

Source Uncertainty [%]
Rpiix+ Rpr/z+ Rprpr  Tax/T
Simulated pr(B) spectrum 1.5 1.9 04 0.1
Simulated [(B[)| spectrum 0.7 0.7 0.1 0.2
B lifetime 0.1 <0.1 - -
D; lifetime 0.4 0.4 - -
Tracking efficiency 1.0 1.0 <0.1 <0.1
Pile-up effects 1.0 1.0 - -
X%/ Naof cut efficiency 32 3.2 - -
Impact parameter cuts efficiency 0.2 0.2 - -
BDT cut efficiency 1.3 1.3 - -
Trigger efficiency 0.6 0.6 - -
Other D} decay modes 1.6 1.6 - -
B} — J/y D" signal fit:
D7 signal mass modelling 1.8 0.5 1.3 0.8
Dj;* signal mass modelling 0.6 1.2 1.7 2.7
Signal angular modelling 0.4 <0.1 0.4 0.6
Background mass modelling 6.0 9.0 32 1.0
Background angular modelling 0.9 13 2.1 2.4
BY — it u” ¢ triggers 0.8 0.5 1.3 4.0
D;* branching fractions <0.1 <0.1 <0.1 0.7
B} — J/yn* signal fit:
Signal modelling 42 4.2 - -
PRD/comb. background modelling 5.8 5.8 - -
CKM-suppr. background modelling 1.0 1.0 - -
MC statistics | 15 L5 17 L5
Total | 108 12,6 5.0 59
B(D} — ¢(K*K)rt) | 59 5.9 - -
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