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= [ntroduction
o General features on Heavy Flavor Physics with ATLAS
= Quarkonia production
o Associated production of J/p and W+
= (Open Beauty
o Relative B./B* production measurement
= Rare decays

O BO(S) - U Selected recent results
among the many published
by the Collaborations
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Quarkonia and Heavy Flavour at ATLAS

= Based on low p; muon trigger and track reconstruction in the Inner Detector
= Wide regions in rapidity and py
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Quarkonia associated production
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JHEP 01 (2020) 095

J/P W= Associated production at 8 TeV

= [nvestigation of processes not well known/described
Production mechanism of charmonium in hadron collisions

Relative contribution of Color Singlet (CS) and Octet (CO) .

Contribution of Single Parton (SPS) vs Double Parton g

Scattering (DPS). Cross-section sensitive to spatial w*

distribution of gluons in the proton arXiv:1903.09185

o DPS vs SPS undistinguishable on

H o) 30» T "] Wy +Jy, Vs = e
event-by-event basis. E | amas | AT ets VaerTew)
. . . . . 5 I 1 - 2y +2jets, s =1.96 Te
Discriminating angular correlation: Ay and Ad o 25 1 00Uy, oo Tew)
: ] TS tae o ezatow
20: } I : ;g:)'l_(j\/s(Z\}./J/q:r-l_o‘:w;rsli?it\./)\rs=8TeV)
Many ATLAS studies on quarkonia 15 | % I I ] o sty
. . - T P N [y + +c+‘:tsels,s=s7= : e
associated production. Here: new | il [ | rompreme i
. O TR eyl AMAAC
result on prompt J/p+W=at 8 TeV | I I %gg§<~7+'513;5é=;-eiv’>
- (4 jets, Vs =1.8TeV)
07 - ] JHEP 05 (2017) 013 UA2 (4 jets - lower limit, /s = 0.63 TeV)
= Probability: Py, ,, = 0,/Oup 10° .
= Value of Oeff unknown > use values from Summary of old experimental results
previous ATLAS measurements Oy generally lower from prompt di-J/ and di-Y
0 O = 15 + 3 (staz‘)+5_3(sysf) mb from W+2jets wrt final states with vector bosons

o Oy =63+ 1.6 (stat) + 1.0 (syst) mb from prompt 2-J/
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JHEP 01 (2020) 095

J/P W= Associated production at 8 TeV

= Dataset: 20.3fb~" @ 8 TeV
o Single high-pT trigger

Di-p invariant mass and pseudo-proper decay time

> UL L LN I LB R ] L B LA DR
_ . . 2100/ s=8 TeV, 20.3fo" | _* 2 1 & {s=8 TeV, 20.3 b
o Jp>ptpmand W=y, 2 | atLas oy 1§
N . B Prompt J/y ] ~ 2 + Data =
o Two pseudo-rapidity intervals S8 e et ‘
. ; m < QC) - -=-- Non Pmmsl Baui:kground
o Fitto m(pp) and T(pp) = prompt J/ § ofes<e< 150Gev 1 @ o round
o Systematic uncertainty dominated by ~ * | : ATLAS
. | 10 =
vertex separation between J/{ and W 407 . : , gf»f“”lj;o ]
=  Prompt signal yields: 20} . ;
o 93+14(stat) for |y(J/p)|<1 L R 1
-2 0 2 4 6 8 10
o 102+17(stat) for 1<|y(J/)|< 2.1 24 26 28 3 32 n::&:m-?'[ge 3]-8 P
E\T _lllIllllllllTllllllllllllllll]].
= 5o~ ATLAS .
£ ~ Vs=8TeV,20.3fb" ]
E 4 L pp— prompt J/p + W* ]
5 O B eam | = Contribution from both DPS and SPS (peak at Ap=)
W [ PRS Sw=1Sm ] L : , , .
301 gz Uncertainty for =63 mb 4 = DPS contribution to inclusive signal yield
L =3 Uncertainty for o,,=15 mb 4
2 f } T o (3199,)% (04 = 15 mb)
C : O (75i23)% (Oeff = 63 mb)
W77 777 . .
/’/W’MM”////%/////////// = Both values of o consistent with data at low A¢
o'{ .
| | L | | | 1
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JHEP 01 (2020) 095

J/P W= Associated production at 8 TeV

EXPERIMEN

. . . . . +
= Production cross-section ratio gid — Thalpp = J/Y + W7)
: : : T o(pp — W#*)
o Inthe J/ fiducial region
o Inclusive, after correction for J/ acceptance

o DPS-subtracted, can be compared with CO only theoretical predictions
-> agreement when lower o is used

By — pp)

6
x1
~ 1810 | | _
1§+ Ty ATLAS Vs=8 TeV, 20.3 fb" 1
2—% C pp— prompt J/y+W-* : pp—>W* ] §104'| T L LN —~ 10 . S
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© Jy T ~ 5 ¢ Data2012 =
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X 12_ + Data g Spln-allgnmemuneen. § [ spin-alignment uncert. E
—_ r i - DPS and theory uf u 1
g_. - [ spin-alignment uncertainty . \; ESE 6,4=15mb E::Med reory uncert \; %»-1 o 6,,=6.3 mb &3 ::m-:d:;:;vmm::_:
T 10~ ¥ NLO CO SPS Prediction -] % i ) [ NLO CO SPS Prediction ?b_ — [0 NLO CO SPS Prediction =
> r 1%~ o RN ]
% 8__ - ‘—H§10_7 F§10-7 4 \* . E
= : \ = g ""'"'""“ “ 3
6__ \\ — % T % 10
J N \ 17 TOEE
- + N - S 10 B 3 10°
- s3] [23]
2r = ]
B | | v | k ] 10_10 ........................... 10-10 ...........................
0 Fiducial  Inclusive DPS-sub DPS-sub
G=15mb o,,=6.3mb 107" 5 107" )
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I
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Neither value of o4 correctly models the J/Y p; dependence
probably due to the lack of CS contributions
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Heavy Flavor: Open Beauty
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CERN-EP-2019-194 Submitted to PRD

Relative B./B* production measurement

= B, weakly decaying particle made of two heavy quarks
o Unique probe for heavy quark dynamics

o(Be) - B(Be — J /o)
o(B+)-B(BY — J/yK+)

=  Measure the ratio:

o common systematic uncertainties mostly cancels out

> 22000F ~ r T Tr T T T T T T T > 1000 H R B AL B LR BRI
2 20000f- Vs=8Tev,203f0" ¢  ATLAS 2 A ATLAS Vs=8TeV, 203" -
o 18000 : My = 5278.5:£ 0.1 MeV, 8 800l .
— 16000 _(2076+06)x10 =~ C ]
£ 14000F _*_Daa 37.5+0.1 MeV £ C 1
S —— Total fit p. (B ) <22 GeV & 600 -
g 12000E .. i < 2 kT C .
10000 Comb. bkg 4 - 8
3 B e Ra -
8000F- ﬁjm . f A 400F c: Z50.5% 0.2 Mev —+- Data -
6000 4 : L 13'< p;(B;) < 22 GeV — Total fit 5
4000 200[ |y(8))| < 23 O Signal E
2000 - uxu... C &, Background ]
Wy PRSI VOSSP SOOI PUUPYOPPPTEEE Sl N L -
0= 51 00 5200 5300 5400 5500 0 5800 6000 6200 6400 6600 6800
my,  [MeV] my, - [MeV]
e 4 : , : : : :

= 4 ' 5 F

s 2 = 3

<0 < O

] F

g 3 I

=2 - . . . . . a 4L . . . . . .
5100 5200 5300 5400 5500 ~ 4 5800 6000 6200 6400 6600 6800

M,y k: [MeV] My, = [MeV]

= Dataset: 20.3 fb! (2012) @ 8 TeV p-p collisions
= 2x2 (p1(B),ly(B)|) analysis bins
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CERN-EP-2019-194 Submitted to PRD

Relative B./B* production measurement

- RGSUHS | Analysis bin | 0(BF)/o(B*) x B(BF — J/yn*)/B(B* — J/YyK*) |
pr(B) > 13 GeV, |y(B)| < 2.3 034 £ 0.040 & 0.025y0 & 0.01500me) %

(

13 < pr(B) < 22 GeV, [y(B)| < 2.3 (044 £ 0.07ar £ 0.044y5¢ £ 0.0Ljigerime) %

pr(B) > 22 GeV, |y(B)| < 2.3 (0.24 £ 0.045¢ar £ 0.015ys¢ £ 0.01jigetime) %

pr(B) > 13 GeV, |y(B)| < 0.75 (0.38 £ 0.0640a¢ £ 0.044y5¢ £ 0.01jigetime) %

pr(B) > 13 GeV, 0.75 < |y(B)| < 2.3 (0.29 + 0.054a0 £ 0.024y6¢ £ 0.0Ljifetime) %
< 0.6 : - ] < 0.6 . - ]
= __[ ATLAS \s=8TeV, 203" ] S __© ATLAS \s=8TeV,20.3 " ]
+|¥ 0.55 F R & 0.55 - ]
%,’ 05F - ?} 05F 3
00451 E 4 045 F B
z f : s :
=~ 041 = = 04 -
S e Y Y RRANNY & :
% VL o £0.35 & :
t'g" 0.3?&‘ : ::Q\ SRR SRR ; & JEZU 0_3_ g
R0.25F { = Ro0250 =
@t z W E :
© 02 eData E © 02F eData E
o E ] = u 3
m0.15F = 0 o =
5 OF ly(B) <23 E 0151 p (B) > 13 GeV -
0.1 ' - : . -

0.1
13 <p,(B) <22 GeV P(B) > 22 GeV ly(B)| < 0.75 0.75 < |y(B)| < 2.3

= Production ratio (in fiducial region): (0.34+0.04s!st+0.02syst+(0.01lifetime) %,
o Lower than the LHCb result (more forward and lower-p; fiducial phase-space)
o Consistent with the CMS result in a similar (but not identical) phase-space

= Production decreases faster with p; for B, than B*; No evident rapidity dependence
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&N Rare BO ) 2 ptp-decay

Run: 302137
Event: 1093131714
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JHEP 04 (2019) 098

BO(s) 2 U+|J_

- BO(s) > TR Vi
o Loops and helicity suppressed
o Precise theoretical predictions

0 =1 |
o Sensitive to NP via loop diagrams 0 et o ——I
teou A d IR 2%
= Experimental limits/measurements constantly improving PRSI RAAR1] oS 1 Wi
Approaching SM predictions with LHC experiments W=, X
5
05)104 : .
3, | =  ATLAS Run1 results
g ool | v 1 o BR(B%~>p+u) = (0.9+11,4) x 10°
El%\ 1<ysEE .................................................... ‘f ...... ; ......... T 20:{T 2014 2016 2018 o BR(BOQU"LU') < 4.2x10-10 at 95% CL
% e £ — o Compatible with SM at ~20
O E arXiv: 1606.00999v6 [ﬂi, Eﬁr Am
R T v B - f AAAAAAAAAAAAAAAAAAAAAA
2 F|,, fReus O el o e = New ATLAS measurement based on
E ‘°E_ e o " ET 26.3 fb™" p-p collision data at 13 TeV
T e s e e—— from Run2 (2015+2016)
1985 1990 1995 2000 2005 2010 2015 . . .
Year + combination with Run1
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JHEP 04 (2019) 098

BO(s) 2 U+|J_

+,,— J— T T T T T T T
— ) = > 90000~ ATLAS e 2015-2016data -
E soo00 15 = 13 TeV, 15.1 0" T;?tjudﬁltwre:fm E
_\1 EJJuKH 2 TO%0F — oy
X [B(B+ _> J/,l,[) K+) X B(J/i/) _) /.L+H )] /l/) * X fu g 60000? """ Non-reg:nantybkg. _E
N.l/'d)K*‘ fd(s) @ 50000~ o By
40000 - -
soooo;— —;
= B+ 2>J/p Kt reference channel 2= E
> Fr— T 7~ T T T T T T T T Ty . =
£ op ATLASSImision 1 = Blinded analyses s i :
g F 's=13TeV, 26310 E W NS BT DUTE PUNY LY B
E 0'7;_ — Total B hh'J _g»_Y’ t Ty Ty T T ++T 4
g 06p | _Bindedregion | ... g0 e . -4~—5000 5700 5200 5300 5400 5500 5600
¥ ost =~ 7 _s.w 1 " BG main components My, i [MeV]
0.4F : - . . . .
3 e o Combinatorial from semi-leptonic B hadrons
02f | E o Partially-reconstructed B decays with two p: B = pph
0.1 E
T e o B decays to h misidentified as u: B = hh, B = hvp

Mass of two misidentified muons [MeV]

> 18 L L L
%’ 16 ATLAS 1 ® 20152016 data E
=  Unbinned ML fittom,, in 4 BDT bins N s =13TeV, 26.3 Tolal :
MU ) . ) ;.-’ 14+ 0.4163 < BDT <=1 —— = Continuum background —|
= BY% and B° peaks overlap (limited resolution) § 1, e b i X baground
. . . R T Y Peaking background -
- statistically separated in the fit procedure “ 1o o B e B
= Extracted yields: 8" E
6 o
o N(BY%) =80+22 N(B?) =-12 +20 J E
= Consistent with SM expectations: of }

T 3 O STl B 29 WP s

o N(B%) =91 N(B° =10 %800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]
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JHEP 04 (2019) 098

BY% = u*u: Results

=  Run2only =  Combination with Run1 ATLAS results
o BR(B® = ptu) <4.3x101995% C.L. o BR(B® = ptu) <2.1x10195% C.L.
cl'>_' I D e e | o'l')_' N R e
g 1'2: %Ti./:g TeV. 15.1-26.3 fb! ] g 1'2: ATLAS —— 2015-2016 data ]
";_ 1 T . Contours for ] "; 1 -
t - 24AIn(L)=23,6.2,11.8 1 % - Run 1 +2015-2016 data .
T 0.8 E e LTI — stat only ] f 0.8 :_ T — . Likelihood contours for _:
g 6:— o T, T stat+syst E D 065 Tl 28n@)=23,62118
5 o & i :
04 & AT RN - 0.4 | oo T -
0 2?_ l“ i:!-: AN ‘ \.,\ '\-,‘\. —: 02:_ K P . . _:
o%l "'lé‘\__! ."‘:;..“. A |\\\*| — 1 oF ‘.".' ] -
02t e I NG e NN e N T -0.2 | N ' Loina | N
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
B(B; — u* 1) [10°7] B(Bg — u* 1) [10°7]
=  Compatible with SM at 1o level =  Compatible with SM at 2.40 level
Experiment B(B? - utp-) B(B® = ut ) SM predictions (JHEP 10 (2019) 232 ):
. BR(B®, = p*u) = (3.44+£0.14) x 109
ATLAS 2.8+08, (C1.9+ 1.6)x 10 o BR(B% > p*u) = (3.44+0.14) x 10
CMS (29707 +(0.2))x~®  0.8F14x-10 o BR(B% = p*p) = (1.05+0.05) x 10-°
LHCD 3.0756x* 155 4= = Combination of the 3 exp ongoing
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@ Summary

= ATLAS has a rich physics program for studies of heavy flavour physics

Selection of recent results on:

= Associated production of J/ and W=
o Production cross-section ratio DPS-subtracted in agreement with NLO
o Disagreement with models on J/ p; dependence: CS contribution?

= Relative B/B* production measurement

o Production ratio (in fiducial region): (0.34+0.04s!st+0.02syst+(0.01lifetime) %,
Consistent with measurements from CMS

= BY%, = u*yrare decay new results
o BR(BY% = ptp)=(2.8 08 ,,)x 109
o BR(B? = p*p) <2.1x 1070 at 95% C.L.

Many more studies ongoing; more results to come in the next months
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Additional Material
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J/P W= Associated production at 8 TeV

EXPERIMEN

Source of Uncertainty Uncertainty [%]

J /Y selection

g vl <1 1 <|yjpml <2.1
24 < m(up) < 3.8 GeV 770 mass fit 8.7 49
8.5 < Py < 150 GeV, [ysyl| < 2.1 Vertex separation 12 15
p? >4 GeV, [pf] < 2.5 u sy efficiency 2.0 1.6
either pi* > 2.5 GeV, 1.3 < [p#?] < 2.5 Pile-up 1.1 1.4
or pr2 > 35GeV, [nt| < 1.3 JIW+Zand Jjy + W5 t%v) 35 48
Efficiency correction 2.3 2.3

Estimated DPS [x1077/ GeV]

pié/w [GeV] Inclusive prompt ratio [x10~7/ GeV]
oef = 15735mb oo = 6.3+ 1.9mb

value + (stat) + (syst) £ (spin)

(8.5, 10) 126+ 33  +24 29 5.3737 2.7+ 3.8

(10, 14) 38+ 1.0  +0.8 Y 1.6470-¢ 39+ 1.2

(14,18) .70+ 0.50 021 0 0.33°00% 0.77 + 0.23

(18,30) 052+ 0.17 +0.12 % 0.048*0-015 0.114 + 0.034

(30, 60) 0.156 + 0.054 +0.021 *0-00 0.0021%) 000s 0.0049 + 0.0015

(60, 150) 0.012+ 0.006 =0.005 *Jo00s  0.0000320-0000%  0.000076 + 0.000023
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Relative B./B* production measurement

Analysis bin

Fitted mass of the B* [MeV]

Number of the B* candidates

om of the B* [MeV]

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

13 < pr(B) <22GeV, |y(B)| <2.3
pr(B) > 22GeV, |y(B)| < 2.3

pr(B) > 13 GeV, |y(B)| < 0.75
pr(B) > 13 GeV, 0.75 < |y(B)| < 2.3

5278.6 £ 0.1
5278.5+0.1
5278.8 £ 0.1
5278.4 0.1
5279.1 £ 0.1

(398.3 +0.8) x 10°
(207.6 £0.6) x 10°
(190.9 +0.6) x 10°
(147.9 £0.5) x 10°
(248.8 +0.6) x 10°

37.5+0.1
37.5+0.1
38.1+£0.1
26.6 £0.1
459 +0.1

| Analysis bin | Fitted mass of the B [MeV] | Number of the B candidates | o of the By [MeV] |

pr(B) > 13GeV, |y(B)| < 2.3 6281.0 £ 4.5 798%01 524+5.6
13 < pr(B) <22GeV, |y(B)| <23 6283.7+6.9 4171“22 59.5+9.2
pr(B) > 22 GeV, |y(B)| < 2.3 6278.4 +5.7 3633, 45.7+6.7
pr(B) > 13 GeV, |y(B)| < 0.75 6275.1 1.7 319+37 31.5+5.7
pr(B) > 13GeV, 0.75 < |y(B)| < 2.3 6275.2+9.0 454*1} 67.1+10.4

Source of uncertainty Uncertainty value

BZ B*
ly| <0.75 | 0.75< |yl <23 | |y| <0.75 | 0.75 < |y| <2.3

Signal model of the fit 2.5% 2.8% 0.1% 0.2%

Cabibbo-suppressed decay 2.4% 2.4% 0.5% 0.5%

modeling

Background model of the fit 2.8% 1.3% 0.2% 0.2%

Trigger effects and recon- 1.1% 1.0% 1.2% 1.1%

struction effects

B-meson lifetime uncer- 1.0% 0.9% < 0.1% < 0.1%

tainty
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BO(s) 2 U+U_

=  BDT input variables
Variable Description Source Contribution [070]
p{’ Magnitude of the B candidate transverse momentum F{” . Statlstlcal 08
/\/E’v DV xv Compatibility of the separation Ax between production (i.e. associated PV) and decay (DV) BDT mnp ut variables 3.2
ke —_ — . .
vertices in the transverse projection: Ax-lw)::,' -Axt, where ):iT:n is the covariance matrix. Kaon trackmg eﬁic1ency 1.5
Avr :
ARqgight Three-dimensional angular distance between 7Z and Ax: Vaap? + (An)? Muon tr 1gger and reconstruction 1.0
[eap| Absolute value of the angle in the transverse plane between pr2 and Axr. Kinematic reweighting (DDW) 0.8
Ly Projection of Avr along the direction of 2 Bxr- B /152 . Pi]e_up reweightjng 0.6
IPLD Three-dimensional impact parameter of the B candidate to the associated PV.
DOCA,,, Distance of closest approach (DOCA) of the two tracks forming the B candidate (three-dimen-
sional).
Adyy Azimuthal angle between the momenta of the two tracks forming the B candidate.
|dy| ™" -sig. Significance of the larger absolute value of the impact parameters to the PV of the tracks
forming the B candidate, in the transverse plane. 5 0
|do|™"-sig. Significance of the smaller absolute value of the impact parameters to the PV of the tracks Source B [%] B [%]
forming the B candidate, in the transverse plane. fs/fd 5.1 -
min " 2 2B .
P I'he smaller of the projected values of the muon momenta along pr°. B* YICld 4.8 4.8
Io.7 Isolation variable defined as ratio of |17>rn| to the sum of IF)rRI and the transverse momenta of Rg 4.1 4.1
all additional tracks contained within a cone of size AR = \/(Azb): + (An)? = 0.7 around the B B+ - J K+ X B(J S utu 29 29
B direction. Only tracks matched to the same PV as the B candidate are included in the sum. ( /W ) . ( . /w HH ) : ’
DOCA DOCA of the closest additional track to the decay vertex of the B candidate. Only tracks Fit systematic uncertainties 8.7 65
matched to the same PV as the B candidate are considered. Stat. uncertajnty (from likelihood est.) 27 150
N:(',“k‘c Number of additional tracks compatible with the decay vertex (DV) of the B candidate with
In( xf‘ 4.py) < L. Only tracks matched to the same PV as the B candidate are considered.
Xf“,,\, Minimum y? for the compatibility of a muon in the B candidate with any PV reconstructed in
the event.
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Semi-rare
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JHEP 10 (2018) 047

@ BY &> KOu+u- angular analysis

= B0 > KOty >K*mptu-is a FCNC process fully H . -
described by the three angles (6, B, ¢) and the di-p ’fﬁ;<u'
invariant mass squared gZ. ; tou 5w .,

= New physics entering the loop can be detected by W- b tou S

looking at the angular distributions of the decay

= Angular differential decay rate expressed with S
coefficients represented by helicity or transversity

amplitudes
oy O V Pl = 2S3
App = 355/4 I-FL
‘ p 2 Agp
2 31-F,
Arg = Forward-backward Asymmetry P = _ S9
F_ = fraction of longitudinally polarised K* T TICR
Fs = s-wave fraction , Si=4,5,7.8
Pj=4,5,6,8 = =
Fr(l - Fp)

= Generally written in terms of P and P' observables as they are
less sensitive to theoretical uncertainties at LO

LHCb measured a ~3o discrepancy with model on P’y
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JHEP 10 (2018) 047

BY &> KOu+u- angular analysis

= ATLAS analysis uses ~20 fb" of 8 TeV pp data to extract P, and P’, (i=4,5,6,8)
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Result still statistically limited
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= Theory: | |
o DHMV/JC: QCD factorization, hadronic = ATLAS generally in gooq agreement with
uncertainties from calculations SM, except a ~2-5_0 deviation from DHMV

o HEP t/CFFMPSV t: hadronic charm for P,, P5" in one bin

contributions fitted from LHCb data
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= Theory: | |
o DHMV/JC: QCD factorization, hadronic = ATLAS generally in gooq agreement with
uncertainties from calculations SM, except a ~2-5_0 deviation from DHMV

o HEP t/CFFMPSV t: hadronic charm for P,, P5" in one bin

contributions fitted from LHCb data
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