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Rare b-hadron decays
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* P&’ shift w.r.t. theory prediction

* BR(Bs — pp)=3.2""",,x10° in 3 g2 bin in similar direction

* BR(Bg — pM) < 4.3 x 1010 as deviation at LHCDb
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https://link.springer.com/article/10.1007/JHEP04(2019)098
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.262001
https://link.springer.com/article/10.1007/JHEP10(2018)047

CPV and oscillations

* Measurement of CPV in the interference of mixing and direct decay of Bs — J/wo
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* Unbinned max. likelihood fit with nine
physics parameters including S-wave arXiv:2001.07115 submitted to EPJC
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* Almost 500k signal candidates

* Improved precision with partial
Run 2 data, consistent with SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-01/

* CP asymmetries in b-hadrons from top

« Direct: P(b — I*X) # P(b — IX)
Mixing: P(b — b — I'X) # P(b — b —IX)
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* CP asymmetries related to B-mixing and
CPV in direct b- and c-decays
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* Results consistent with zero (SM) with
uncertainties at the level of 102
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CPV and oscillations (2)

Novel technique in measurement of
B% decay with difference

Al 4/T 4 obtained from comparison of
B° — J/yKs and B? — J/wK*°(892)
decay time distributions (bins of L°pop)
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Run 1 only, but most precise
determination of Al'¢/l4
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https://link.springer.com/article/10.1007/JHEP06(2016)081
https://link.springer.com/article/10.1007/JHEP02(2017)071

Spectroscopy

tates :
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https://www.sciencedirect.com/science/article/pii/S0370269312006399
https://link.springer.com/article/10.1007/JHEP01(2017)117
https://www.sciencedirect.com/science/article/pii/S0370269314008648
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-048
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.202007

Spectroscopy (Bc)

 Analysis of double-heavy state (bc) using B. — J/yT* decay

* Differential x-section measurement * First experiment observing B.(2S) state
relatively to B* — J/pK*

arXiv:1912.02672

subrpnjzted to PRD

in the B¢(2S) — Bcrrr decay
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2016-03/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.212004

Production of b and ¢ hadrons

. . . . . 4
* Testing predictions of QCD and modeling in the MC generators .7 ~ . v
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https://link.springer.com/article/10.1007/JHEP11(2017)062
https://link.springer.com/article/10.1007/JHEP10(2013)042
https://www.sciencedirect.com/science/article/pii/S0550321312003926

Production (quarkonia)

* Huge sample of J/y, w(2S) and Upsilon decays (— up) allowing for thorough test of QCD
calculation predictions in bins of n and pr, and reaching very high pr regions (— 360 GeV)

* Prompt (NRQCD) and non-prompt (FONLL), Sprymasasanas
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-047
https://link.springer.com/article/10.1140/epjc/s10052-016-4050-8

* Quarkonia production in A+A collisions probes deconfined quark/gluon plasma

w(2S)hy
Peoep

21.09.2020

suppression (degree of deconfinement) and enhancement (cc recombination) wrt. pp
suppression of higher degree states

non-prompt allows to study b-quark propagation through medium

p+A to disentangle cold nuclear matter effects
centrality dependence
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-1
(N, )dN_ /OZE, [TeV]

ATLAS Preliminary J
Plo+Pb\[$,=2.76 TeV_]
Lip =200 mb™" 3

Upsilon suppression in HI

|.‘§
4

FCal XE; [TeV]

I
3

X108 103
> 0.6 T A L A AR ) B > ' L
27 P <30Gev ATLAS Preliminary 2 _F F 50Gev ATL"SP eliminary E
P y™| < 150 pp. Vs =5.02 TeV S 7OF <150 Pb+PD, Sy = 5.02 TeV
2 0.5 L=02610" 3 S [ cent.0-80% L=1.38nb" 3|
= E ¢ Data =9(1S) | o 60 ¢ Data =9Y(1S) —
g I —Fit  =aT(28) ] —Fit  =aY(28)
3 04 Bkg =T (3S) 3 50— Bkg Y (38)
B 3 F ]
503 5
I g
0.2
20p
0.1 10; E
O’ 1 L L il L L
ATLAS CONF 2019 054
LR e L R 5
- ATLAS Prellmmary 1 0-80 %
1.2¢ pp, Vs =5.02 TeV, L = 0.26 fb™' 4
[ Pb+Pb, (S, =5.02 TeV, L =1.38 nb™ |3: =
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
N p, <30 GeV - Y(1S8) i
o.s lyl<1.5 —- sy -
g 8 - Y (2S+3S) i
N £ Y(2S) 95% CL ]
O-6f [ Correlated uncer. |
0.41- ] = 8
f ® [
E ] = ]
02 [
L h 1 s
(o) I B S SR | “‘fl
(6] 50 100 150 200 250 300 350 400
<Npart>

Pavel Reznidek, pavel.reznicek@cern.ch, Charles University


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-054
https://link.springer.com/article/10.1140/epjc/s10052-018-6219-9
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Charm and beauty flow in HI collisions

Azimuthal asymmetry in production provides another probe of the deconfinement

- initial geometric inhomogeneities of QGP — momentum anisotropies

- V2 characterizes the deviation from the elliptic shape:

d
d¢

Nocl—l—ZZvncos (¢ —W,)]

- HF quarks thermal production suppressed in QGP — produced at earllest times parton
collisions — persist thorough the time evolution of QGP — probe the medium

J/yp flow observed,

higher for prompt Iow-pT
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M from beauty: non-zero v, up to ~20 GeV

v3 first measured for beauty (consistent with zero)
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https://www.sciencedirect.com/science/article/pii/S0370269314008648
https://link.springer.com/article/10.1140/epjc/s10052-018-6243-9

* Testing prediction of QCD, in particular color singlet/octet processes contributions

W + J/p

pp— prompt J/y+W* : pp—W*
ATLAS ¢ Data2012
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I NLOo co sPs

10 20 30 40 50

JHEP 01 (2020) 095

* W/Z+J/y: CO and CS models (and their sum)
underestimates data. SPS excess or significant
correlation in DPS that needs to be understood

* di-J/y: overestimate for high-pr only

* Allow to extract DPS effective x-section >

XY Spin-alignment uncert.
B2 DPS and theory uncert.

m
2
3
2
2
S
»
o
8
2
5
&
|

Prediction

10?
Py [GeV]

) [1/GeV]

do(Z+Jhy

T o
Q
(2]

dp

1
6(2)

B(Jy—pp) x

10"

(dominating in large A regions)
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Z+ J/uy

ATLAS, \s=8 TeV, 20.3 fb™"
pp — prompt Jw+Z :pp - Z

—e— Data

Spin-alignment uncert.
BXX) Total theoretical uncert.
[ NLO NRQCD CO

I NLO NRQCD CS

£ DPS uncert.

[ Estimated DPS contrib.

7 ffih LELRRRLLN

N

10 20 30 4050 , 107
pY [GeV]
T

EPJC 75 (2015) 229

Jip + J/y

R T YARRNRRRAN RARRS S
Vs=8TeV, 11.4fb"
fops = 9.5% +2.1%

e Data
10 o DPS Estimate 3
[ DPS Pred. 7

g NLO* SPS+DPS Pred.

!
+

—
<

do/dm(J/y Jy) [pb/5 GeV]

-
<
N

10 20 30 40 50 60 70 80
m(J/y Jy) [GeV]

EPJC 77 (2017) 76

Experiment (energy, final state, year)

RS RRRANRAREN RRRRNRRRRE RRRE
ATLAS
ATLAS (/3 = 8 TeV, J/v 4 J /v, 2016) o
DO (/s = 1.96 TeV, J/4 + J /2, 2014) o
DO (v/5 = 1.96 TV, J/1 + Y, 2016) I
LHCb (v/s = 7&8 TeV, Y(1S) + D>, 2015)
LHCb (/s =7 TeV, J/¢p + AT, 2012) —H——H
LHCb (/s =7 TeV, J/3 + DT, 2012) o4
LHCb (/s =7 TeV, J/1 + DT, 2012) ——i
LHCb (v/s =7 TeV, J/¢p + D, 2012) —e—
ATLAS (\/3 =7 TéV, 4 jets, 2016) —O—
CDF (/5 = 1.8 TeV, 4 jets, 1993) ——
UA2 (/5 = 630 GeV, 4 jets, 1991) F———
AFS (/s = 63 GV, 4 jets, 1986) 1
DO (/5 = 1.96 TeV, 2y + 2 jets, 2016) —
DO (/s = 1.96 TeV, v + 3 jets, 2014) 0]
DO (v/s = 1.96 TeV, v + b/c + 2 jets, 2014) ——
DO (v/5 = 1.96 TV, v + 3 jets, 2010) v
CDF (/s = 1.8 TeV, v + 3 jets, 1997) H{H
ATLAS (/s =8 TeV, Z 4 J/1, 2015)  leeeseecseececnas >
CMS (Vs =7TeV, W + 2 jets, 2014) ——
ATLAS (/3 =7 TéV, W + 2 jets, 2013) H—A——
[ [ |

0 5 10 15 20 25 30

G, [mb]
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https://link.springer.com/article/10.1007/JHEP01(2020)095
https://link.springer.com/article/10.1140/epjc/s10052-015-3406-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4644-9

Production (HF-jets)

* Testing prediction of QCD, benchmark for MC predictions of background to Higgs
measurements, BSM searches etc., constraints on b/c-quark PDFs, test of QCD radiation

Z + b-jet(s) |solated photon + b/c-jet(s) tt + b-jet(s)

LI L L lIIIIIllIIIlIIIlIIIIIl — T qll-_‘
ATLAS > 102 ATLAS > ATLAS ey channel
O] Vs =8TeV, 458 pb'-20.2 fb! O, _ -1 >3 b-jet
Vg=1 3 TeV, 35.6 fb-1 7 10 <137 o 5| Vs=13 TeV, 36.1 fb > jets |
. 8_ FYTTT@TETE In I = |—1O
Z(-ll) +2 1 b-jet s - b S
=
A - 10.90+0.03 + 1.08+0.23 pb W - T Bk
Data (stat.)l Data (stat.+syst.) % 10 Data 2012 . ° B
he) 10_2 SHERPA “‘“""""‘rﬁ 10_3 e Data- tiX (X =H,V)
0 m Sherpa 5FNS (NLO) it Powheg-+Pythia8
A MGaMC+Py8 Zbb 4FNS (NLO) 1072 PYTHIA e —— MG5_aMC@NLO+Pythias
v MGaMC+Py8 5FNS (NLO) 4 — ==+ Powheg-Herwig7
A o Sherpa Zbb 4FNS (NLO) 10 MG5_aMC+PY8 ® NNPDF3.0nlo 5F I ;ystt
O Sherpa Fusing 4FNS+5FNS (NLO) 10°° MG5_aMC+PY8 ® NNPDF3.0nlo 4F & L
0 A Alpgen+Py6 4FNS (LO) © — : .3 < 15F ' ]
o Alpgen+Py6 (rew. NNPDF3.0lo) e E CEJ - B :
& MGaMC+Py8 5FNS (LO) Q 5 e ees——
IIIIIlIII IIIIIIIlIIIlIIIlIIIIIII 9 005_ i
6 8 10 12 14 16 18 20 22 24 3 ><1'5 :
. s E +~ |.0[ == Powheg+Pythia8 (RadHi --- Powheg+Pythia8 (RadLo)
[ (2020) = G(Z 4> 1 b']et) [pb] 5 g % |§ 1_ wheg+Pythia8 ( i) wheg-+Pythia8 ( )
O E ©
| 3 =) F 1
LA L SR L L L) BRI z E . L . P 0.5 — Powheg+Pythia8 tibb (4FS) — Powheg+Pythia8 :
ATLAS 30 40 50 860 100 200 300 < i . e
X = 1.5 Sherpa2.2tf _ == PowHel+Pythia8 ttbb (4FS)
Vs=13 TeV, 35.6 fo PLB 776 (2018) 295 E'[GeV] 23 oo Srepeza b rS) A——
Z(=ll) + > 2 b-jets S pEmemEmmmE - ]
- 1.324£0.01+0.21£0.03 pb a8 QO.S— : — PowHel+Pythia8 {tbb (5FS) -
Data (stat.)I Data (stat.+syst.) 5_f|avour Scheme better g“ Ci%":t}- .
m Sherpa 5FNS (NLO) oo a 1o T
4 MGaMC+Py8 Zbb 4FNS (NLO) descrlblng data than 4-flavor 8b'§\b'= 0.9F —MG5_aMC@NLOsPythias
v MGaMC+Py8 5FNS (NLO) 2 2 3
A O Sherpa Zbb 4FNS (NLO) 30 4050 10 2x10 b, G \}O
O Sherpa Fusing 4FNS+5FNS (NLO) JHEP 04 (2019) 046 P;'[GeV]
9 A Alpgen+Py6 4FNS (LO)
¢ Alpgen+Py6 (rew. NNPDF3.0lo)
@ MGlaMC+Py8 5|FNS (LO) |

0.5 1 15 2 25 3 35
o(Z + 2 2 b-jets) [pb]

21.09.2020 BEAUTY 2020, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University 12


https://link.springer.com/article/10.1007/JHEP07(2020)044?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200711
https://www.sciencedirect.com/science/article/pii/S0370269317309462
https://link.springer.com/article/10.1007/JHEP04(2019)046

¥  Lepton flavour violation & universality

* Large sample of Z-decays to look for * Large sample of W bosons from top decays
Z — e1 & Z — ut (1T hadronic decays) to look for W — 1v /W — pv (tau to muon
decays)
ATLAS CONF-2020-035
L0 18000 T T T T T T RARRE RN 3 AR .
g1eooofﬁTﬁfiﬁ;i'LT'“afy;,j{zj;hd\sfakes ; 1QOOO_ﬁTffTiﬁ;i'LL“'”aW;;{Lj;m,mfakes .= Also motivated by LEP result 1.070 + 0.026
2 = or Z-l E - Lt P ]
L%j:zzz: .SR’ 1P -Izo-é?aelrﬁ(ncensalqtg ) E 10000_7 S.R “ 1P -Eé?;rﬁpgensalq%, ) ] T T T | T T T T T T | T T T ‘ T T T | T T T | T T T |
— —et (B = 5% L ° —UT X ]
ook, e 1 so00f : ATLAS —— LEPl(Phys.Rept. 532 119)
E ] i p ATLAS - this result
80001 1 6000 Vs =13 TeV, 139 fb Statistical Uncertainty
6000} so00f : [ Systematic Uncertainty
4000F e i : —e— Total Uncertainty
2000 - 2000f
'd 1.1:""""""""""""\""\"": 1.1:‘“'I""I““\““I"""“““““— :
CIB.)- 1.05;—Best1lsg al (B =-1x107) —f 1.052_
~ 18geeeteyyteto, NPYILIN ¢*¢’¢¢,,* 1 =
g 095- —i 0.95 E
() 0.9E 0.9:”‘.l....l‘Hm‘H‘l‘...l..umumuui E
5102 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09 N e
Combined NN output Combined NN output 098 1 1 02 1 04 1 06 1 08 1 1

R(t/p)=B(W—1tv)/B(W—puv)
arXiv:2007.14040 submitted to Nature

* R=0.992+£0.013

* Consistent with unity

* Kinematic differences exploited using NN
* Best up to date limits:

BR(Z — eT) < 8.1 x 10% (95% CL)
BR(Z — p1) < 9.5 x 10 (95% CL)

* Improves precision w.r.t. LEP measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-29
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-035
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-035

Lepton flavour violation

n
(6]

T T T
—4— Data (tight+x>x selection) ATLAS

—— D.ata (tight+x>x_ selection) 1s=8 TeV, 20.3 fo! _:
— Fitto the SB data i

B Fit uncertainty

Signal (tight+)<>)<0 selection)

* Search for LFV decay 1 — Pud  EPJC (2016) 76:232
- BRoo%(T — ppu) < 3.76 x 10”7

--------- Sidebands (SB)
----- Signal region

—_
[4)]

Events / 30 MeV
N
o

—=3 T
T S

* Search for LFV in top decays t — II'q AtLAs-conF2018-044 10 i ;
BRos«(t — I'q) < 1.86 x 10 ‘. ]H:
- BRos%(t — epq) < 6.6 x 10° 0

.-
L

T T T T T T T T T = 1 1 L 1 1 1 il 1 1 1 1 1 1 | 1 1 1 1 1
ATLAS Vs=13TeV, 139 fo" J 0 1500 1600 1700 1800 1900 2000 2100
¢ Data E e (MeV]
500 —— Background model -
— Signal B(H— eu)=0.05% 1

Entries / GeV

* Search for LFV in Higgs decays:

- BRosu(H — ep) < 6.1 x 10% #8201 (020
BRgs%(H — }JT) <0.28%

ATLAS ¢ Daa

BR H PLB 80(6(2‘(])-2702)/135069 - gg§'+""+"+""'+" """" '+”+""""+”'+""":§ E 10° 7S 2 13 ToV. 3.2 b E_l\rllultiget&kWHets
»(H — eT) <0. Lottt Nt LT op Quarks
959% er) 0 g j§§+++++ TR O e ame = oty

=605 10° Z'1.5 TeV

110 115 120 125 130 135 140 145 150 155 160 s RPVY. 1.5 Tev

---- QBHRS 1.5TeV

me, [GeV
| ] . [T Uncertainty

* Search for heavy particle
decaying to ep, €T, T PRrRD 98 (2018) 092008

- Limitsese, of 4.5, 3.7, 3.5 TeV on Z' mass 10’1

107
- Limitsesy, 0of 3.4, 2.9, 26 TeVonT 2 1sb } E
sneutrino with R-parity violating coupling T *
I 1T E
S o5 .
- Limits on threshold mass for quantum : IS Aol =
black hole production m,. [GeV]

21.09.2020

BEAUTY 2020, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University


https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub
https://reader.elsevier.com/reader/sd/pii/S0370269319307919?token=DAC64E0A1CDD9B370250FF85688BFF59C741518E7AE3314F8C3922792C84E12721289A49416B8B703185418412709913
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-044
https://link.aps.org/doi/10.1103/PhysRevD.98.092008
https://link.springer.com/article/10.1140/epjc/s10052-016-4041-9

Summary and prospects for Run 2 & 3

* ATLAS has a rich heavy-flavour program involving:

- Searches for NP in rare decays (precision test of SM) and LFV / LFU tests
- Test of QCD predictions in b-quark / hadrons production and in spectroscopy
- Probing QGP with heavy flavor Number of analyses not

 Run 2/ 3 prospects: covered by this talk !

- Number of analyses still ongoing on Run 2 data (seldom using full dataset), gaining
from IBL and L1-Topo

- Majority of the current public results limited by statistics => will improve

- New triggers allowing to probe B — eeX decays

High
LHC / HL-LI IC Plan Luminosity
LHC
LHC
Run 1 | ‘ Run 2 ‘ | Run 3
LS2 14 TeV 14 TeV
13-14 TeV energy
splice consolidation injector upgrade o 817 x
8 TeV butt Iimat Point 4 cryolimit HL-LHC installats o inal
7 TeV ———— y :;Ec:m:ctors Ci?rli'lygn;.“:bps lrrétgi:)ancélon ok on luminosity

2011 2012 2013
iy
e oo New =r=New:small muon wheel e — expengf;ég);@mfelet ly new
— = Topological L1 trigger S0 Improved trigger algs. B inner tracker (ITK) imtograted
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Total Integrated Luminosity (o]

Heavy flavour at ATLAS

K1 o e o o o e B R
- ATLAS

25— Preliminary

- [HJLHC Delivered
201~ [T]ATLAS Recorded

2012, Ns =8 TeV

Delivered: 22.8 fb™"
Recorded: 21.3 b
Physics: 20.3 b

_ a d
o N O~ O
o O o o

Total Integrated Luminosity [fo'']

- ATLAS

C i s =13 TeV
| Preliminary

* LHC bb production x-
section ~ 500 ub

Delivered: 156 fb™"
Recorded: 147 fb”
Physics: 139 fb”'

- [HILHC Delivered
- [ |ATLAS Recorded
[ |Good for Physics

« ~ 10" bb pairs produced !

Aggressive trigger to fit

E . Good for Physics ;
15— 80 }
L 201, Ns=7TeV -
10 } Delivered: 5.46 fb™ 60 ;
- Recorded: 5.08 fb™' L
r Physics: 4.57 b 40—
5— C
B 20—
0 L 5 I |
3ot pet b oct et pef 3 ot

Month in Year

« Low-pr analyses searching for fully
reconstructed b-hadron decays:
- rare decays
- b-hadron properties
- CPV
- b/c/quarkonia production
- spectroscopy
* HF/quarkonia production in Heavy
lon collisions
* Db-jets production
* LFV and LFU measurements
21.09.2020
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R T TR T

Month in Year

Muon detectors

Toroid Magnets

Precision p tracking:
* MDT (Monitored Drift Tubes)
» CSC (Cathode Strip Chambers

Trigger:
* RPC (Resistive Plate Chambe]
* TGC (Thin Gas Chamber)

Tracking
2T Solenoid Magnet

« Silicon Pixels, 50x400 pm?

« Silicon Strips (SCT), 80 pm stereo

uoNBIGIES 6LE
[ ]

storage rate (total ~1kHz)

Calorimeter System

EM and Hadronic energy

LAr EM barrel and EC
LAr Had. EC

Tile Calorimeter (Fe-Scin.)
hadronic barrel

Liquid Argon

Tile Calorimeter Calorimeter

|

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

« Transition Ratiation Tracker (TRT) 36 points/track
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