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Introduction

B-physics at ATLAS
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Possible to measure heavy flavour (HF) production at high energy
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Much higher HF yields in pp environment compared to B-factories

Extended spectroscopy studies are possible
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ATLAS and CMS, although not specially optimized for B-physics,
provide complementary kinematic region to LHCb
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» Benefit from higher statistics in certain analyses M) [Gev

» This talk covers a selection of ATLAS results

» High-pr J/1 and v(2S) production at 13 TeV ATLAS-CONF-2019-047 (4"

» Relative B./B* production measurement at 8 TeV — Phys. Rev. D 104, 0120104

» Study of the B} — J/¥DF and BF — J/4 D+ decays in pp collisions at /s = 13 TeV
with the ATLAS detector ATLAS-CONF-2021-046 (4
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https://doi.org/10.1103/PhysRevD.104.012010
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High-pt J/v and ¢(2S) production measurement

» Two different mechanisms for charmonium production:
» Prompt: directly in pp interaction or via feed-down from
heavier states
> Non-prompt: from decays of b hadrons
> Can be distinguished by fitting the pseudo proper
lifetime
» FONLL calculations within the framework of perturbative
QCD have been reasonably successful in describing the
non-prompt contributions
> Satisfactory understanding of the prompt production
mechanisms is still to be achieved

» Previous ATLAS measurement: J/v and (2S) differential

x-sections at 7, 8 TeV— Eur. Phys. J. C 76 (2016) 283 ('

> Overall reasonable agreement with theoretical predictions
for prompt and non-prompt production

> Di-muon triggers with low thresholds — could not reach
beyond pt of ~ 100 GeV

» New measurement focuses on high-pt charmonia

» Help to discriminate various theoretical models

> Use single-muon triggers (50 GeV muon pr thershold) to
cover the range 60—-360 GeV

» Full Run-2 dataset, 139fb—! at 13 TeV
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http://inspirehep.net/record/1409298

High-pt J/¢ and ¢(2S) measurement
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Relative B /B" production measurement at 8 TeV
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B /B production: results
> Production ratio in the fiducial region

o(B)-B(BE = J/ym*) -B(J/y = phuT) _
o(B)-B(B* — J/YK*)-B(J/ip = ptp~)
(0.34 + 0.04(stat.) "% % (syst.) + 0.01(lifetime))%

> Lower than the LHCb result (" for more forward and lower-pr
fiducial volume: (0.683 4 0.018 4 0.009)%,
0<pr(B) <20GeV, 2 < y(B) <45

> Fairly consistent with the CMS result(Z" in a similar (but not
identical) fiducial volume:
(0.48 £ 0.05(stat.) & 0.03(syst.) £ 0.05(lifetime))% at
Vs=T7TeV, pr(B) > 15GeV, |y(B)| < 1.6

» B} production decreases faster with pr than that for B

» No evident rapidity dependence

\ Analysis bin | o(BE)/o(BF) x B(BE = Jjin™) /BBE = J/vKT) |
pr(B) > 13 GeV, |y(B)| < 2.3 (0.34 £ 0.0400 7005 syst £ 0-0Lpietime) %
13 < pr(B) < 22 GeV, |y(B)| < 2.3 (044 £ 0.074000 007 syst £ 0-0Lpgetime) %
pr(B) > 22 GeV, |y(B)| < 2.3 (0.24 £ 0.044100 7007 syst £ 0-0Lpietime) %
pr(B) > 13 GeV, |y(B)| < 0.75 (0.38 £ 0.0640 7003 ayst £ 0-0Lpetime) %
pr(B) > 13 GeV, 0.75 < [y(B)| < 2.3 (0.29 = 0054100 007 ayst £ 0.0L5g00ime) %
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http://dx.doi.org/10.1103/PhysRevLett.114.132001
http://dx.doi.org/10.1007/JHEP01(2015)063

New: Study of the B — J/¢D{)"

» Decays Bf — J/Q,Z)Ds(*)Jr can occur through b decay with ¢ as spectator, or through
annihilation diagram

» Only Bf — J/1,ZJD§*)Jr decays observed earlier by LHCb (PRD 87 (2013) 112012(4") and
ATLAS (EPJC 76 (2016) 4[£).

» This analysis aims at more precise measurement of B} — J/st(*)Jr branching fraction
and polarization with full Run-2 data
» Test various approaches predicting these (perturbative QCD calculation ' relativistic

potential models &', sum rules calculations(#'. . )
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https://inspirehep.net/record/1228506
https://inspirehep.net/record/1385102
https://doi.org/10.1103/PhysRevD.90.114030
https://doi.org/10.1103/PhysRevD.61.034012
https://doi.org/10.1103/PhysRevD.61.034012
https://arxiv.org/abs/hep-ph/0211021

Study of the BY — J/yD)" decays

B — J/p(pp)DH (= ¢(— KTK™)x™)
BY — J/y(u*tp)Dt (= DS y/7°)
» Same reconstructed final state, soft neutral
particle escapes detection

> Reference channel: Bl — J/ymt
» Use it for B measurement

» Define fiducial range of the measurement:
pr(B) > 15GeV, |n(B)| < 2.0

» Measured quantities:

> Ratios b/w B of signal channels and
B(B:r — J/’L/J7T+): RDg*H/ﬂ_Jr

» Ratios b/w B’s of signal channels (to
cancel some of the uncertainties): Rp.+ ps

» Transverse polarisation fraction '+ /T for

B — J/yDst
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Study of the BY — J/yD)" decays
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Study of the BY — J/¢ D" decays:

Rpt jnr =276 £ 0.33(stat.) £ 0.29(syst.) =+ 0.16(br.f.)
Rps+ jp+ = 5.33 £0.61(stat.) £ 0.67(syst.) £ 0.32(br.f.)
Rps+,pr = 1.93 & 0.24(stat.) & 0.10(syst.)

Fis/l =0.70 4+ 0.10(stat.) 4 0.04(syst.)

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

» The precision of the measurement
exceeds that of all previous studies of
these decays

HADRON 2021, 26-31 July 2021

AR AR LA A L B B I LA LR AR L R R AR AR
ATLAS Preliminary
ATLAS (Run 2) —— % + :
LHCb (Run 1) —— - —
ATLAS (Run 1) ! . H
QCD PM = wi i
QCDSR| m % : . H
RCQM| m % AN /
CCQM| v % : — —.-—
BSW " /
LFQM| —a—is A — :
pQCD - i -
RIQM ; ; [ !
FNCM eme ; .
[TV L A A NPt | NN X TR ANARA ] I 2
12 3 4 5 10 1 4 0204 06 08
Roye RD;"/H‘ RD‘:/D; rr
Ro /et Rort jnt Ros+ /o |y Ref.
2.76 £ 0.47 5334+0.96 1.93+0.26 0.70+£0.11 ATLAS Run 2
2.90 & 0.62 - 2.37 £0.57  0.52 +0.20 LHCb Run 1
38+1.2 104435 2.87%2 0.38 £ 0.24 ATLAS Run 1
2.6 4.5 1.7 - QCD potential model
1.3 5.2 3.9 - QCD sum rules
2.0 5.7 2.9 - RCQM
1.20 £ 0.26 5.0+ 1.02 3.96+0.80  0.46 £ 0.09 ccam
2.2 - - - BSW
2.06 + 0.86 - 3.014+1.23 - LFQM
+0.49 +0.07
3.451%%0 - 2.5470%0 0.48 £ 0.04 pQCD
- - - 0.410 RIQM
3.257 4 0.293 - FNCM
Tatiana Lyubushkina JINR 10 /11



Summary

> A selection of ATLAS results on heavy flavour production was presented

» Production of hidden charm
» Physics of Bl mesons

» More can be found here:
» ATLAS B-physics public results page (&'

» Many interesting results are still to come!
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ATLAS detector and trigger
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J /v and ¥(2S) fits
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High-pt J/¢ and ¢(2S) measurement

» Measured are
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B — J/yr fit
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Bt — J/yD{" fit PDF

» 2D unbinned ML fit of m(J/y D) and |cos ' (1")|; mass and angular PDF are
factorized
> ratio between BX — J/¥D} and BF — J/¢ D} yield and fi. are the same in DS1
and DS2
» B — J/¢DJ signal
» mass: modified Gaussian®
» |cos@ (ut)]: MC kernel template (same in DS1 and DS2)
» BX — J/D:t signals, separately Aiy and Agg components
» mass: MC kernel templates (same in DS1 and DS2)
» |cos®(pT)|: MC kernel templates (same in DS1 and DS2)

» Background

» mass: exponential (same slope in DS1 and DS2)
» |cos® (p)|: 2nd order polynomial (same parameters in DS1 and DS2)

1 Gauss™? o exp(—0.5 x t"" 4t/ ‘where t = |m(J/yDT) — mgt|/opt
c (=
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Bt — J/uDY fit result

3 T T 3§ 180pTT IRAARRRARSS AR Rs Reaaa R enas Raaas annt
2 ATLAS Preliminaryl 3 E ATLAS  Preliminary]
S s=13Tev,13015" 5 & 160; + + + V5=13Tev, 139 5" |
P Dataset 1 3 g 140F Dataset 1
£ 4 0 120 ————
£ E b
& E 100F—e— pata
4 Boi—mmlm
é £ B}~ JIyD;
E o Parameter Value
3 Combinatorial background
? mg: [MeV] 62748 +1.4
2f- El 2F El
2 I IR g og: [MeV] 115415
ER: T B I— A
I ; Fort oy 1.76 £0.22
5800 6000 6200 6400 6600 6800 0 0102 03 04 05 06 07 08 09 1
mIYD)) MeV] oS fisgs ) 0.70+0.10
NDS . 193420
E aU:+‘Dala ' ATLAS Pr‘e\iminar}[ é 7*";5‘1" ATLAS P‘rehm‘\nar; B ~>J/¢D
: < — Total fit _ M|
@ —:‘j‘;:R V5= 13 TeV, 139 fiy 1 5 B'l""wé‘ s=13 TeV, 139 fiy { NBJ*)J/TPD: 49 i 10
2 8- JyD!, A, Dataset 2 1 £ 25 j;xg:m Dataset 2 1
= 8. JIyD"", 1 u o~ IYDT, 3 DS1
g Combinatorial background 4 Combinatorial background g NB; _&)LJ/wD*+ 338 :l: 32
] - DS1&2
] ] NBEZJ/Mﬁ 241 +£28
] B - DS1&2
- ] Np2'% ore 424+ 46
of E ik T " 3
2 2F 3
2 2
3 9 H O_I_—I.___l—-\___l-.f_-_
o 3 b 3
5800 6000 6200 6400 6600 6800 0102 03 04 05 06 07 08 09 1
m/YD]) [MeV] |cos8'(u)]

HADRON 2021, 26-31 July 2021 Tatiana Lyubushkina JINR 18 /11



Ratios calculation

>

> B(DF — ¢(KHK™)rt

>

RD§*

R

)*/ﬂ+ -

brt/o; =

DS1

* N
_ B(Bf — J/ypDY) U BFou/pDt

EBF s J/pmt « 1

N\DS1&2
Bf —»J/yDit

B(BY — J/ymt) Not syt

D1
B —J/ypDLF

D51&2 DS1&2

B(Bf — J/yDit) ®Br—J/uDf . o BE—J/uDi
+ +) —  pDS1&2 DS1&2 = 'prt/Df £DS1&2
B(Be — J/4D57) NB;rHJ/wD;r EBjaJ/z/)Ds*Jr ’ : B*HJ/d)D**
1
EBF—u/ypDit = )
SO e fepr Ly nrt sy (U )2zt ag
DS1&2 N
B —J/yDF
/M =fog x o V0
CBE—J/uDIt Ay s
Mode B —>J/wx [%] gilii/wx [%]
B — J/yDF 0.9714+0.012 1.163+0.013
B — J/DFT, Ago 0.916 +0.012  1.088 4 0.012
Bf — J/¢YD;T, Ary  0.868+0.010 1.049 4+ 0.011
Bf — J/opmt 2.169 £+ 0.018 -
Tatiana Lyubushkina JINR
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B(DF = ¢(K+K—)m+t

)

’

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

1)

(2

3)

(4)
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Systematics

P Effect of muon reconstruction and identification effi

Source Uncertainty [%]
ot /mt Foptyme  Fpreypr  Taa/T

Simulated pr(B.") spectrum 15 1.9 0.4 0.1
Simulated |1(B] )| spectrum 0.7 0.7 0.1 0.2
B lifetime 0.1 <o0.1 - -
D lifetime 0.4 0.4 - -
Tracking efficiency 1.0 1.0 <01 <01
Pile-up effects 1.0 1.0 - -
x?2/ndf cut efficiency 3.2 32 - -
Impact parameter cuts efficiency 0.2 0.2 - -
BDT cut efficiency 13 13 - -
Trigger efficiency 1.0 1.0 - -
B — J/wDSY signal fit:

D signal mass modelling 18 0.5 13 0.8

D> signal mass modelling 0.6 1.2 1.7 2.7

signal angular modelling 0.4 <01 0.4 0.6

background mass modelling 6.0 9.0 3.2 1.0

background angular modelling 0.9 13 2.1 2.4

BY — ut ™ ¢ triggers 0.8 05 1.3 4.0
B} — J/ymt signal fit

signal modelling 4.2 4.2 - -

PRD/comb. background modelling 5.8 5.8 - -

CKM-suppr. background modelling 1.0 1.0 - -
MC statistics 15 15 17 15
Total 10.7 12.6 5.0 5.8
B(D} — ¢(kTK™)xt) 5.9 5.9 - -

quantities, due to cancellation in the efficiency ratios, it is found to be negligible.
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iency uncertainty affects individual channel efficiencies by about 1-2%. However, for the measured
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