Foom o UNIVERSITY

&

I kgt OF SUSSEX

: -
& q . S L ¥
¥ A7 AN .

P -
o v, =

L

aadeze i 3 LS —
- R e e o ——



mailto:dominic.matthew.jones@CERN.ch

Introduction - -

e This talk will cover two recent heavy flavour results = T 3
from the ATLAS Experiment :

« Precision measurement of the B lifetime -
EPJC 85 (2025) 736

25m

. Differential Cross-section measurements of D™
and D:" production - JHEP 07 (2025) 86

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detecto

» ATLAS is a hermetic, general purpose detector | IATslsciEmagRetic caonrs
designhed to measure a wide range of particle Muon chambers ~ Solenoid magnet | Transition radiation fracker

. Semiconductor tracker
physics phenomena at the LHC ) I o

Toroid magnets

 Most relevant parts of ATLAS for B-physics

measurements are the Inner Detector (ID) and Muon
Spectrometer (MS)

* |D allows precise reconstruction of charged
tracks for || < 2.5

 MS further improves muon reconstruction and
triggering on muons, covers |n| < 2.7

Inner Detector Muon Spectrometer 2
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https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8
https://link.springer.com/article/10.1007/JHEP07(2025)086

Precision Measurement of BY Lifetime

EPJC 85 (2025) 736


https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8

Precision Measurement of B' Lifetime

» Studies of B-hadron lifetimes test our
understanding of the Weak Interaction
and can be used to test New Physics

models

e Measured Lifetime can be converted to

decay width, I, which can be compared

with theoretical predictions from the
Heavy Quark Expansion (HQE)

* The new result by ATLAS is the most
precise measurement to date of the BY

lifetime

 See CERN Courier article (p. 15) and

| HC-seminar

Dominic Jones

ATLAS

A new record for precision on B-meson lifetimes

As direct searches for physics beyond
the Standard Model continue to push
frontiers at the LHC, the b-hadron
physics sector remains a crucial source
of insight for testing established theo-
retical models.

The ATLAS collaboration recently
published a new measurement of the B”
lifetime using B® - J/yK'* decays from the
entire Run-2 dataset it has recorded at
13TeV. The result improves the precision
of previous world-leading measurements
by the CMS and LHCDb collaborations by
a factor of two.

Studies of b-hadron lifetimes probe
our understanding of the weak inter-
action. The lifetimes of b-hadrons can
be systematically computed within the
heavy-quark expansion (HQE) frame-
work, where b-hadron observables are
expressed as a perturbative expansion
in inverse powers of the b-quark mass.

ATLAS measures the “effective” B° life-
time, which represents the average decay
time incorporating effects from mixing
and CP contributions, as t(B") =1.5053 =
0.0012(stat.) + 0.0035(syst.)ps. Theresult
is consistent with previous measurements
published by ATLAS and other experi-
ments, as summarised in figure 1. It also
aligns with theoretical predictions from
HQE and lattice QCD, as well as with the
experimental world average.

The analysis benefitted from the large
Run-2 dataset and a refined trigger
selection, enabling the collection of an
extensive sample of 2.5 million B®—J /K™
decays. Events witha J/y meson decaying
into two muons with sufficient trans-
verse momentum are cleanly identified
in the ATLAS Muon Spectrometer by the
first-level hardware trigger. In the next-
level software trigger, exploiting the full
detector information, these muons are

= Fig.1.
o= measurement with total uncertainty ATLAS % Acom parison of
statistical uncertainty £ thecurrent ATLAS
[ systematic uncertainty result for the
ATLAS B® — J/y K™, 140 fo*@ 13 TeV et £ ROlifoti ;
1.5053 £ 0.0012 (stat.) + 0.0035 (syst.) Blif etzme with
ATLAS B® — J/yp K, 490 @ 7 TeV R | & thepreviols
1.509 £ 0.012 (stat.) + 0.018 (syst.) s ATLASresultinthe
LHCb B —= J/y K™, 1fo*@ 7 TeV p——i ¥ RBe K channel
1.524 £ 0.006 (stat.) + 0.004 (syst.) ;J / '?h t}1 !
LHCb B® — J/y KS, 1o @7 TeV —— IS WS R S
1.499 £ 0.013 (stat.) + 0.005 (syst.) fromother
LHCbB'—=K'x, 1fo '@ 7 TeV — experiments.
1.524 £ 0.011 (stat) + 0.004 (syst.) P
CMS B — J/p K™, B® = J/p K2, 19.7 fo @ 8 TeV p——
1.515 £ 0.005 (stat.) £ 0.006 (syst.)
DOB’—=Du'vX 10.4fb @ 1.96 TeV —_——
1.534 + 0.019 (stat) + 0.021 (syst.)
CDFB° — J/yw K™, B — J/yw K., 43 @ 1.96 TeV e
1.507 £ 0.010 (stat.) + 0.008 (syst.) .
Belle 1 B° = D"""K'/x", 190 fo '@ Y (4S) ——
1.499 + 0.013 (stat) + 0.008 (syst.) S
BaBar B —D"'I'V,,81fb " @Y (4S) —_—
1.504 £ 0.013 (stat.) 7777 (syst.)
Belle multiple channels, 140 fb @ Y (4S) -
1.534 + 0.008 (stat) + 0.010 (syst.) ——
1 L 1 1 1
1.48 1.50 1.52 1.54 1.56

(8B°) [ps]

then combined with two tracks meas-
ured by the Inner Detector, ensuring they
originate from the same vertex.

The B"-meson lifetime is determined
through a two-dimensional unbinned
maximum-likelihood fit, utilising the
measured B”-candidate mass and decay
time, and accounting for both signal and
background components. The limited
hadronic particle-identification capa-
bility of ATLAS requires careful model-
ling of the significant backgrounds from
other processes that produce ]/ mesons.
The sensitivity of the fit is increased by
estimating the uncertainty of the decay-
time measurement provided by the ATLAS
tracking and vertexing algorithmson a
per-candidate basis. The resulting life-
time measurement is limited by sys-

Vietnam Flavour Physics Conference 2025

tematic uncertainties, with the largest
contributions arising from the corre-
lation between B° mass and lifetime,
and ambiguities in modelling the mass
distribution.

ATLAS combined its measurement
with the average decay width (I',) of
the light and heavy B,-meson mass
eigenstates, also measured by ATLAS,
to determine the ratio of decay widths
as I,/T, =0.9905 + 0.0022(stat.) + 0.0036
(syst.) £ 0.0057 (ext.). The result is con-
sistent with unity and provides a strin-
gent test of QCD predictions, which also
support a value near unity.

Further reading
ATLAS Collab. 2024 arXiv:2411.09962.
ATLAS Collab. 2021 Eur. Phys. . C 81 342.


https://cerncourier.com/wp-content/uploads/2025/03/CERNCourier2025MarApr-digitaledition.pdf
https://indico.cern.ch/event/1441588/

Theory Prediction

 Decay width, 1" ;, can be computed using the Heavy Quark Expansion (HQE)
framework:

[(RB,) =5+ 6I(RB,)

‘W W‘
Power-suppressed terms on the HQE:

Free b-quark decay:

+ free of non-perturbative uncertainties + suppressed with at least 2 powers of 1/m;, = smal
0 Looks like the gWUCSm decay 0 Individual contributions are products of perturbative
Grmj 5 Wilson coefficients and non-perturbative matrix elements
I3 o 19273 Veb (determined with lattice-QCD, sum rules and/or from fits of
experimental data of inclusive semi-leptonic decays - V)

- Quark masses are difficult to define, huge
dependence on definition can be reduced by higher

order perturbative corrections

. Relatively large uncertainties on 1’5 term, prediction for 1", = ().63J_r8:(1)% ps—1 (Lenz et al.)

* Note however these large uncertainties cancel in ratios of 1  for different hadrons

Dominic Jones Vietham Flavour Physics Conference 2025


https://link.springer.com/article/10.1007/JHEP01(2023)004
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Analysis Strategy

Uses the B' — K J/ywith KV — K*77 and
J/y — "~ channel

Analyses the 139 fb~! of data collected between
2015-2018 by the ATLAS Experiment

Trigger on J/y( — ), with muon thresholds between 11
GeV and 4 GeV (lower threshold at end of LHC fills) and
two opposite sign tracks

Reconstruct B' candidates using ID + MS information for

Muons and matching ID tracks for Kaons and Pions (no
general Kaon/Pion PID in ATLAS)

Fit to common vertices in turn for each of the K °, Jly
and B

Minimal selection reguirements so as not to bias the
decay time distributions

Entries/ 10 MeV

I ] | 1 1 [ 1 | I ] I 1 | I 1 | I ] I 1 |

- ATLAS Preliminar

_ Data 2018 ow-m ¢ Jy B Y(nS)
1 07 - s =13 TeV BEaE
58.45 fb’

L1l

- ;" - pu)> 6GeV,p (u)>6GeV

| llllll|

R

- - pu)> 6GeV.p (u)>4GeV

1 06 pu)> 4GeV.p (n)>4GeV
E Dimuon triggers: P> 11 GeV, pr(pz) > 6 GeV E
e
#

A
o
N
T

2 4 6 8 10 12
m(uu-) [GeV]
Invariant mass distribution of offline selected dimuon
candidates, colours indicate trigger passed

The proper decay time for each candidate is
determined as

;— nymB

Pr,

where L, is the transverse decay length
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Analysis Strategy (cont.)

BY Lifetime is extracted from a 2D maximum likelihood fit in the B-candidate
Invariant mass and decay time

Mass PDFs

N / . ~>
InL = ln[.fsig( E isig(mi)vs'ig(tia Ot » PTi) + (1 o féig mi) 7-I;‘l(g(tia Ot » pTi)]
i=1
T \ Decay time /

Signal fraction Decay time

uncertainty

Weight to account for - f "
selection efficiency, - rror function

given by inverse of time 1/w;(t;) = po- [1 - p1 - (Brf((t; — p3)/p2) + 1)]

efficiency functions \%

Parameters determined from fits to simulation

Dominic Jones Vietnam Flavour Physics Conference 2025



Invariant Mass Distribution

» Signal is modelled by Johnson 5,
-distribution

 Background modelled by
polynomial + sigmoid function

e Sigmoid helps to describe
contribution from partially

reconstructed B-mesons at
lower mass values

. 2.450,500 + 2400 B® > J/wK™
sighal candidates

Dominic Jones

Events / 6.5 MeV

Data / Fit

250

200

150

/VO’G

X
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4d @

—r [ [ 1
ATLAS
's=13TeV, 140 fb"
e Data
— Total fit
-=== Signal
- = Background
Model uncertainty
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Decay Time Distribution

Decay time PDF split into two parts:

7;(ti’ Tt PT;) = Pj(ti‘o-ti’pTi) '
Functions describing the decay time / \

distribution: Probability terms - 2D

—
1o
w

21000 1 T T A L B distributions, account for
. . 3 ATLAS the diff bet
« Signal decay time modelled as an S /s =13 TeV. 140 fb" e differences between
exponential convolved with g 80 o baa signal and background for
resolution function, which is the 0 ---- Signal

per candidate o, and pr
values (see G. Punzi)

- .=+ Prompt background
- = « Combinatorial background
"1 Model uncertainty

sum of three Gaussian 600
distributions

400
 Distributions for o,

extracted from data
=~ 200 via the sPlot method,
e using invariant mass

 Background split into ‘prompt’
and combinatorial components 200

III|III|III|III|III|X

 Prompt part modelled by

. . E 1.1 . : .
resolution function ER distribution as control
ceew variable
 (Combinatorial by the sum of e 0 02 04 06 0.8 1

three exponentials convolved
with resolution function

Dominic Jones Vietnam Flavour Physics Conference 2025


https://inspirehep.net/literature/642949

Decay Time Distribution

Decay time PDF split into two parts:

Functions describing the decay time /

distribution:

» Signal decay time modelled as an

exponential convolved with

resolution function, which is the

sum of three Gaussian
distributions

 Background split into ‘prompt’
and combinatorial components

 Prompt part modelled by
resolution function

 Combinatorial by the sum of
three exponentials convolved
with resolution function

Dominic Jones

7}(tis O-I,fapTi.) = Pj(ti‘o-ti’pTi) .
\

NN LN L L L LI L I B LA BB B
- ATLAS
R s =13 TeV, 140 fb’

. "% e Data

— Total fit

-=== Signal
o Tl == Prompt background
”””” = = « Combinatorial background

§.~
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t(J/y K*) [ps]

Data / Fit
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Probability terms - 2D
distributions, account for
the differences between
signal and background for

per candidate o, and pr
values (see G. Punzi)

 Distributions for o,

extracted from data
via the sPlot method,
using invariant mass
distribution as control
variable


https://inspirehep.net/literature/642949

ID misalignment

Systematic Uncertainties

effectively removed by

constraining mass of J/y Source of uncertainty

candidates to PDG value ID alignment
- assess uncertainty by
removing constraint. Also
assess momentum scale

bias effecting low p

Choice of mass window
Time efficiency

Best-candidate selection

hadrons Mass fit model
Mass-time correlation
/ Proper decay time fit model
Test alternative PDFs for Conditional probability model

signal and background Fit model test with pseudo-experiments

Systematic uncertainty |ps] Tes_t _alternative _time
0.00108 efficiency functions
0.00104
0.00135
0.00041 Studied using signal MC

and sideband data

0.00152 /
0.00229
0.00010 <
0.00070 Test alternative PDFs

components and
inclusion of additional Total

0.00002 \
0.0035

processes with
misidentified for missing

Test different choices of
binning and smoothing

tracks Statistical uncertainty: 0.0012 ps methods

Dominic Jones
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Results
Measure 7, = 1.5053 * 0.0012(stat.) = 0.0035(syst.)ps

 Most precise measurement to date, differs from 2024
PDG World average by 2.1o0

Using HFLAV values, convert this into average B, decay width
of:
['; =0.6639 £ 0.0005(stat.) = 0.0016(syst.) £ 0.0038(ext.)ps~!

« Agrees with HQE theory prediction of 0.631“8:(1)% ps—1

Additionally, use previous ATLAS study of B, — J/y¢ decays

ilrl which I'; was measured to compute the ratio
== =0.9905 % 0.22(stat.)  0.0036(syst.) + 0.0057(ext.

\)

» Agrees with HQE (1.003 = 0.006) and lattice QCD
(1.00 = 0.02) predictions

Dominic Jones

== Mecasurement with total uncertainty
| Statistical uncertainty
[ Systematic uncertainty

ATLAS B’— J/y K, 140 tb' @13 Tev
1.5053 £ 0.0012 (stat.) £ 0.0035 (syst.)
ATLAS B"— J/y K. 4.9 b @7 Tev
1.509 £ 0.012 (stat.) & ().(L)18 (syst.)

LHCb B’ = J/y K™, 1 tb'@7 Tev

1.524 £+ 0.006 (stat.) £ 0.004 (syst.)

LHCb B’— J/y K. 1 i @7 Tev ——

1.499 + 0.013 (stat.) £ 0.005 (syst.)

LHCb B’— K™, 1 tb'@7 Tev —=—1

1.524 £ 0.011 (stat.) £ 0.004 (syst.)

CMS B'— Jw K, B" = J/y K°, 19.7 b ' @8 Tev

1.515 £ 0.005 (St\‘l{.) + 0.006 (sysl.)\lj S @

DO B’ Du*v X, 10.4 fb'@1.96 TeV ]

1.534 £ 0.019 (stat.) = 0.021 (syst.)

CDF B’ J/y K °, B’ > J/y K, 4.3 i @1.96 Tev =———
1.507 £ 0.010 (stat.) £ 0.008 (syst.)
Belle IT B’ —>D"K*/x+, 190 v @Y (45) F—————
1.499 + ().%13 (stat.) = 0.008 (syst.)
BaBar B -»D 1V, 81 fb '@y (45) ——
1.504 % 0.013 (stat.) "’ (syst.)
Belle multiple channels, 140 b ' @Y (45) |_§_|
1.534 £ 0.008 (stat.) £ 0.010 (syst.)
| SR W TR AN TN TR SO NN TR ST TR SN SR S S NN S
1.48 1.5 1.52 1.54 1.56
©(B) [ps]

Vietham Flavour Physics Conference 2025
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https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0

T+ + - .
D~ and D; Production cross-sections

JHEP 07 (2025) 86
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https://link.springer.com/article/10.1007/JHEP07(2025)086

+ + : -
D~ and D Production cross-sections

 Measuring the production of heavy hadrons at >

the LHC is important for testing QCD P —

(

* Current theoretical uncertainties are large o D~

due to quark masses being close to energy '..

scale of hard scatter £000000¢

Q
o C

 New result provides measurement of D* and S

D7 inclusive and differential cross-sections in
prand n, for first time in ATLAS at

\/E = 13 TeV

P >

GM-VFNS = General-mass variable-flavour-

» Measurements compared with predictions number scheme

from GM-VFNS and FONLL models (setup

described in previous ATLAS result) IFONI'-tIH = Fixed-order next-to-leading-
ogarithm

Dominic Jones Vietnam Flavour Physics Conference 2025
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https://link.springer.com/article/10.1007/JHEP07(2025)086
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.012001
https://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007
https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub

Analysis Strategy

. Using the D, — ¢z~ decay channel with

¢ — uu~ and the data collected between
2016 and 2018

» Trigger using the muons from ¢ — u*u~, p;

thresholds of at least 11-6 (6) GeV on the
leading (sub-leading) muon

 Reconstruct the decay vertex using Inner
Detector (ID) + Muon Spectrometer info for the
muons and assign additional ID track to the Pion

e Separation between primary and secondary
vertices used to reject backgrounds

Fraction of events

. Selection prioritises prompt D(f) production

but both prompt and non-prompt D(“f) mesons
are considered as signal

Selection

Muon objects

Track object

Transverse momentum
Opposite charge muons
Total charge

Di-muon invariant mass
L significance

agy significance

Vertex p-value

Highest vertex p-value

Two muons satistying the Loose working point
One track satistying the Loose working point

pr > 6GeV, pZ > 1GeV
Qu X Qu, = -1
|Q,u,u7r| =1
|m,u,u _ m¢| < 6m(|77|)
Sig(Lyy) > 3
Sig(ay,)| < 4
log(pp™) > —0.8

The vertex with Max(p ") in the event

_I I I I | I I I I I | I I I I | I I | I I I I | I | I I | I I I I | | m _I LI | LI | LI LI | LI L | LI | LI | LI | LI I_
0-2E aTLAS ~- Data B S o.12Fa7TLAS ~- Data -
0.18FVs=13 TeV, 137 fb” (INon-promptMGD'™ 4 ~ ~ {s=13 TeV, 137 fb"! [INon-prompt MGD™ 7
- Non-prompt MC D : 2 B Non-prompt MC D _
0.16 " Prompt MC D* H & 01— . ir:Prompt MC D* —
0 14:_ : £ Prompt MC D H o - : s Il 3Prompt MC D_ .
A ) i O 0.08- ; —
0.12F . v 0§ f
0.1 _ H 8 0.08] P 1
0.08F . ,_ i L .
0.06F- i I 0.045- 4
.04 . H 0.02}- 1
0.02F i 1
QFarsetiatil o 1 oo i e e NE 3

10 0 10 20 30 40 50 60 10 -8 -6 4 6 8 10
29, Sig(a;)

L, = |fT| cos(6,,), agy = | le sin(6,,) where L is the vector connecting the PV and SV in transverse plane and 0., is the angle between fT and

the p of the pumx system

Dominic Jones
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Analysis Strategy

exponential distribution for the background 1500

u,
n,
-,

.......

- -~ -

...
........
' ' g
' m

 Monte Carlo (MC) simulation is used to
compute the relative efficiency per bin

- - . = i I I L L L B
* Signal yields are extracted from fits to the 2 400" aTLAS ~e- Data
: : : i . -1 — Fit
pur invariant mass in bins of p,and 7 T Yt " Background
w 3500F n<do Dg Signal
. . N . S = e D* Signal
* Mass fit model consists of Voigtian (Breit- > 3000F- Sy 3790 £ 130
Wigner * Gaussian) distributions for each of 2500 A
+ + . . =
the D~ and D signals and a quadratic 2000F-

DR N
w
------

0] e et ' B e M | 1 1
=
» MC p;and 7 distributions are corrected % 2§t g bt
. et CHa Tt
to match signal shape from data _g-_ HH?' ‘;HW { T +H TR Hﬁ—*—iﬁ_
4= b -
 Shapes in general extracted from fits to data *1700 9800 1900 2000 2700 220
but simultaneous fits with MC used for some My [MeV]
bins to improve fit stability Example Invariant Mass fit for 0 < || < 0.5

Dominic Jones Vietnam Flavour Physics Conference 2025
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Non-prompt Fraction Correction

Fraction of prompt to hon-prompt D(“f) i:l 1 Oﬁ_)xﬁl)\s' . Daia(sina éx'tr;cle'd)'_f
production in MC simulations is corrected  § jpooiegld ™ T o
from fits to the proper decay time: Yk Nonprompt D _
* Invariant mass fits are performed in bins el e _
of lifetime from which the total prompt + E e e
non prompt yield is extracted 1ol e T _
 Templates for the prompt and non- 1
prompt lifetime distributions derived from S ——————————
MC simulation are then fitto the datato = 21 AR + -
extract the non-prompt fraction _g__ N L B + i
4= —
» Procedure is applied separately to D+ e [pj
and D" in three bins of p ([12, 20, 30, i i . o
Py (7) = Exp(7;7p)) * Exp(7;75’) * Gauss(7; 1™, 0yes) * Erf(7; Tourmeon, 87)5
1 OO] GeV) P.:(1) = Exp(7; 78) * Gauss(T; u°¢, 0¢%.) * Exf(r; 755 ..., B).

16
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Systematic Uncertainties

e Several sources of uncertainty are 0 3- ATLAS Muon - Tracking -
: . g 1 - Pile-up -- Trigger
considered: C s=13TeV, 187 fo "7\ [0 ot o MC size
0.05 m D" | < 2.5 — Ll_Jmlnosny - BR
 Detector effects (muon and track - — %gtgfl -------- - Background

reconstruction, trigger efficiencies etc. )

» Use of different signal and background
fit models, and contributions from

partially reconstructed D-meson
decays

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.1

Relative systematic uncertainty
-
)

 Uncertainties from prompt/non-
prompt corrections are propagated

into the final reSUIt O i e B A '-l T N A A
20 30 40 50 o660 70 80 90 100
* External Branching Ratio p_ [GeV]
T
B (D(S) — G(up)m™) D™ uncertainty breakdown as a function of p;

Dominic Jones Vietnam Flavour Physics Conference 2025
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Results: Inclusive Cross-sections

e |nclusive cross-
sections are
provided for three

different p, ranges

Dominic Jones

Fiducial volume

* inclusive fiducial cross-section at 4/s = 13 TeV [nb]
ATLAS

g x 63[3[ + 6syS[ * 6BR

12 < p1 < 100 GeV, |n| < 2.5
15 < p1 < 100 GeV, |n| < 2.5
20 < pt < 100 GeV, |n| < 2.5

10800 =900 = 1300 = 800
5430 + 550 + 680 + 390
1930+ 160 £ 220 + 140

Fiducial volume

D7 inclusive fiducial cross-section at \/s = 13 TeV [nb]
ATLAS

g * 53[3[ + 5syS[ + 5BR

12 < p1 < 100 GeV, |n| < 2.5
15 < p1 <100 GeV, |n| < 2.5
20 < pT < 100 GeV, |n| < 2.5

5000 £ 360 +£470 + 360
2440 + 190 + 220 + 180 DT
020 + 60 + 80 + 70

Vietnam Flavour Physics Conference 2025



Results: Inclusive Cross-sections

° |nC|U Sive CrOSS- D= inclusive fiducial cross-section at 4/s = 13 TeV [nb]
sections are Fiducial volume ATLAS
+
prOV|ded fOr three O % Ogtat £ 5syst + OBR D
different p,rranges 5., < 100Gev. ol <2.5 10800 =900 + 1300 + 800
15 < pt <100 GeV, || < 2.5 5430 £ 550 + 680 + 390
e Good agreement
FONLL models for D7 inclusive fiducial cross-section at /s = 13 TeV [nb]
both D~ and D;—F, Fiducial volume ATLAS GM-VFNS
O £ Ostat £ Osyst £ OBR 0 = Otheory
®
EI:\\/’; rsnrizﬁgﬁements 12 < pr <100 GeV, |n| <2.5 5000 +360 470 £360 | 5900* <0
uncertainties than 15 < pp <100 GeV, |n| <2.5 2440 + 190 + 220 + 180 2880%) D=
predictions 20 < pt < 100 GeV, |n| < 2.5 920 + 60 + 80 + 70 1070+1>)
18
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ReSUIts: leferentlal ZE 108—A7|'LAS| IIIIIIII - GlMVFle_ % 10;:%11.123_@/ i %egnvms :
O S _ 3 - 12<p$i< 100 GeV _._;at:LL E
Cross-sections 13 _5
For D~ - 5
: E 4¢ Di
: E 3F
* Good agreement with both GM- L T A3 :
VFNS and FONLL seen at low p; g o g o -
and in 7 g g
) 20 30 40 50 60 70 ;
» High p, GM-VFNS tends to over-
predict while FONLL still has good 3 eLATLAS e 1 % dtamas awves
5 = s=13 TeV, 137 fb"! £ [ {s=13TeV, 137 b’ -
agreement S gphti<2s 4§ a5-12<p <100GeV -
For D 10E ; E
10° %_ I _%
* Only GM-VFNS available - again 10 E
gives good agreement at low p, and E -
o 2 s
In 77, larger deviation at high p, S 15 S
g — 3
~ 05k =

50 30 40 50 60 70 80 90 100

P, [GeV] | | | | 1 9
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Comparison with ATLAS \/s = 7 TeV Resullt

D™ inclusive fiducial cross-section [nb]

 Compared to previous ATLAS result ATLAS

at4/s = 7 TeV which used 2010 7 % b
data Vs = 13TeV 1690 + 270

Vs = 7TeV 888 + 97

D7 inclusive fiducial cross-section [nb]

ATLAS

O = Ootal
\/E = 13TeV 810 = 100
\/§= 7TeV 510 £ 100
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https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub

Comparison with ATLAS \/s = 7 TeV Resullt

D= inclusive fiducial cross-section [nb]

 Compared to previous ATLAS result ATLAS
at4/s = 7 TeV which used 2010 7 % b
data Vs = 13 TeV 1690 + 270

e Ratios between 13 TeV and 7 TeV Vs =TTev 588 £ 97

cross sections also computed

D7 inclusive fiducial cross-section [nb]

ATLAS

O = Ootal
\/E = 13TeV 810 = 100
\/§= 7TeV 510 £ 100

Ratio (13 TeV/7TeV) 1.6 £0.4
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https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub

Comparison with ATLAS \/s = 7 TeV Resullt

D7 inclusive fiducial cross-section [nb]

 Compared to previous ATLAS result ATLAS
at4/s = 7 TeV which used 2010 7 % S
data Vs = 13 TeV 1690 + 270
Ratios between 13 TeV and 7 TeV Vs = TTev 588 =7

cross sections also computed

Ratio (13 TeV/7 TeV) 1.9+0.4 2.24£0.04 §2.38 +0.01

D7 inclusive fiducial cross-section [nb]

Measured ratios agree with both

GM-VFNS and FONLL predictions, ATEAS

though there is a significant 7 Ototal

difference between the two models V5 = 13TeV 810 + 100
Vs =7TeV 510 £ 100

Ratio (13 TeV/7 TeV) 1.6+0.4 |2.02+0.05 |
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Summary

* Presented two recent Heavy Flavour

Measurements from the ATLAS Experiment:

>

. 0 é) 107

» Most precise measurement of the B o |
lifetime — EPJC 85 (2025) 736 2
: ;

« First measurement by ATLAS of D( 9
Inclusive and differential cross-sections
at4/s = 13 TeV - JHEP 07 (2025) 86

[~ [ * T 7 T T T T T
. ATLAS Preliminary Data 2023, \/s=13.6 TeV,27.8fb~1 -

—— all dimuon chains (A) =
— all noL1Topo dimuon chains (B)
—— mu11_mu6 dimuon chains (C)

??? Ll L LLl

* Both results illustrate the ATLAS experiments
capability to make interesting and
important flavour physics measurements

e Stay tuned for more heavy flavour results
from ATLAS in the near future!
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https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8
https://link.springer.com/article/10.1007/JHEP07(2025)086
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
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The ATLAS Detector

 Located around one of the four interaction
points at the Large Hadron Collider at CERN

 General purpose hermetic detector, capable 25m
of measuring many different particle physics
phenomena, including heavy flavour physics

Tile calorimeters

= LAr hadronic end-cap and
forward calorimeters
Pixel detector :

Toroid magnets

* Consists of an Inner Detector (ID),
Calorimeters and a Muon Spectrometer (MS)

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiafion fracker

Semiconductor tracker

» Particularly relevant for B-physics
measurements are the ID and MS

* |ID allows precise reconstruction of
charged tracks for |n| < 2.5

| 2

e
L
3

5 y 4 \_‘t:, 7 /‘
o y. 7
% 70 & ° /
\ y \
, y
Va4

 MS further improves muon reconstruction §
and triggering on muons, Covers

ln| < 2.7
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B' Lifetime -> Decay Width

The BY lifetime Tpo is related to the decay width I via

11 1 + 24y + y?

Tpo =
. [';1—y? 1 + Ay
Where ', = (I'; +1';)/2 is the a}/erag?(decay width of the light and heavy mass eigenstates,
R;, — R
y=U;—-1p)/2l'))and A = 2 in which R{ and RI]; are defined via the summed decay rate
RL+ R}

of the B — B" system to final state f:
(T(B1))) = T(BY1)) + T'(B(1)) = R, exp(—T"yt) + R exp(~T;1)

Using external inputs for y and A (from HFLAV 2021) it is possible to measure I, from 75
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

B/ Lifetime 2D Conditional Probability distributions

p.(J/y K*) [GeV]

Events / 0.0034 ps /2.8 GeV

0.05 01 015 02  0.25
o,(J/y K*) [ps]

o (J/y K% |
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B Lifetime Invariant Mass Model

4.1 The invariant mass PDF's

The Mg, and My, PDFs model the B signal and background mass shapes, respectively, in the fitted
mass range. For the signal, the mass 1s modelled with a Johnson Sg;-distribution [47]:

- .
Mi(m) = ——————exp |- [y +asinn ()|,
AW2my1+ ()2

where u, v, 6 and A are free parameters. For the background, the mass distribution 1s modelled by the sum
of a polynomial and a sigmoid function:

3)

s(m; — myo) )

M i) = fpoly(1 i)+ (1 = Jpoly) | 1
bkg () = fpoty (1 + po - mi) + (1 = fp ly)( V1 + (s(m; —myg))?
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B Lifetime Decay Time Model

The signal proper decay time distribution of the BY signal candidates is modelled as an exponential
function

Pgio(tiloy,, pr,) = E(t', Tp0) ® R(t' — 14, 0%,),
where E (¢, Tg0) = (1/7g0) exp(—t/Tg0) for t > 0, with the parameter 7o standing for the B lifetime.

The proper decay time PDF for the background candidates, Py, consists of two parts. One part accounts
for the prompt background and consists of the resolution function R only. The other part accounts for the
combinatorial background and consists of a sum of three exponential functions, each convolved with the
resolution function R. In summary, the background proper decay time PDF takes the form:

3 k-1
Pbkg(ti‘o'ti,PT,-) = fprompt ' 6Dirac(t’) + (1 - fprompt) Z b (1 — bl)E(t,a Tbkgk) ® R(t, — 1, O't,-)-
k=1 1

[=

&)

Here the 7y . are different lifetimes describing three components of the combinatorial background; the
parameters b ; are the relative fractions of these three background components, and fyrompt 1S the prompt
component’s fraction. Parameters Thkg, » Jorompt and two of the b; are free in the fit; b3 = 1 by definition.
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BC? Lifetime Conditional Probability Distributions - 1D projections

x10° :

8 | | | | | | | | | | | | | | ] X1O
i N [ 1 T T T [ T T 1 -
& 1000 ATLAS _ = 600k | AT AS E
S i Vs =13 TeV, 140 fb" g : . y o
2 800 e Data - i 1400F- si=D1?Te SEVICA
% i — Total Fit i 2 1200F [ N Tat al } E
> 600 ===+ Signal _ o TOOO: = otal Fi -
- — | o 7
i -+=+ Background : - E i Signal :
i i 800 : -= Background —
400 _ : 3 :
- } 600 E
200:_ ----- _: 400: _:
- : 200H -
0.05 0.1 0.15 0.2 0.25 ol ey s

p_(J/y K*) [GeV]
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B Lifetime Time Efficiency Functions

> INLENL L L L L L L L L L L > AL L L L L B N L LI IR & > INLEEL L L L L L L L L L L
'E 14:— ATLAS Simulation e Normalized efficienc —: _E 14:— ATLAS Simulation e Normalized efficienc —: 'E 14:— ATLAS Simulation e Normalized efficienc —:
£ F {s=13TeV R = £ F Vs=13Tev ~h = £ F Vs=13Tev R =
g 12— 2015 data conditions —] g 12— 2016 Early data conditions —] 9 12— 2016 Late data conditions —]
N = ] N ] N 7]
T - . T = T =
] — g s — e 1 —
S ¢ ¢ + + S . - S i H

< 08 ' N < 08 — < 08

——
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t(J/y K*) [ps] t(J/y K*) [ps] t(J/y K*) [ps]

Z_ ATLAS Simulation
~ \Vs=13TeV
2 2018 data conditions

Z_ ATLAS Simulation
~— Vs=13TeV
2 2017 data conditions

Triggers and oftline
tracking impose upper
limit on transverse impact
parameter on the muons/

e Normalized efficiency

— Fit — Fit

Normalized efficiency
X
Normalized efficiency
X

i3 - ) - J/y vertex - consequently
g g T WIS see inefficiency at large
I . , : 1 values of decay time
t(JAy K*) [ps] t(J/y K*) [ps]
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B Lifetime stability

S —
ATLAS s =13 TeV, 140 fb
=== Run 2 Fitted value
.~ Run 2 Statistical uncertainty Run 2

Run 2 Total uncertainty 1.5053 + 0.0012 (stat.) + 0.0035 (syst.)
I—o— Fitted value with stat. uncertainty I

2015+2016
1.5035 + 0.0018 (stat.) I I
2017 - |_._|
1.5089 + 0.0020 (stat.) |

2018 |_._| -

1.5018 + 0.0023 (stat.) |

1 1 L L 2 N | 1 2 L N 1 1
1.5 1.505 1.51

1(B°) [ps]

Figure 2: The fitted values of the B lifetime, measured with B — J/yK*° decays, for the 2015+2016, 2017 and

2018 subsamples compared to the value for the whole sample. The B lifetime value for each subsample is shown by
a black point, with the error bar indicating the statistical uncertainty.
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B Lifetime Event Display

Dominic Jones

ATLAS

EXPERIMENT

Run Number: 360063, Event Number: 1741874693

Date: 2018-09-06 10:02:57 CEST

\

24\
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+ -+ - - - - -
D~ and D cross-sections normalised distributions
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D™ and D_" cross-sections lifetime fits
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D™ and Dsi systematic uncertainties
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and D
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Cross-section Extraction

» Differential cross-sections are obtained from the fitted yields through:

do | ;.)i/D;t
dpr|; [Ldt x Ct x B(D¥/Dy — ¢(up)nt) x Atpp’

do | ‘Sul?)i/Dgt
dln||; ~ [L£dt x Ci x B(D*/DF — ¢(up)r*) x Adln|’

» Where C; are correct for the acceptance, reconstruction and efficiency of the analysis selections

B(Dy — ¢(KTK™)m™)

B(Dy — ¢(pp)n™) = B Kik)  XB6 ),
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