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Outline

Search for Tetraquarks in BY =« final states

Study of b-pair production with J/gp +u

X(3872) production

Quarkonia production in pp and pA at5 TeV
« B> K*puu
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ATLAS B-Physics Programme

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

Precision measurements:
rare decays b-hadron
decay properties, CPV

Heavy flavour production: \
b-hadrons, (associated) W
quarkonia production

Spectroscopy: new states
and decay modes

Mostly fully reconstructable
exclusive decays with Inner tracker
typically two muons in final "S;T )~ 0.05% pr & 1%
state - Trigger effectively Muon spectrometer
on low-pt objects o(Pr) 99, @50 Gev :

pPT

°P1) 1 10% @ 1 Tev
pPT
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http://arxiv.org/abs/1207.7214

Datasets + Basic Signals
e 7 TeV:5fb? 5-15 evts. pile-up

« 8 TeV: 20 fb1,10-35 pile-up
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25 reconstructed vertices g2
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Search for Tetraquarks in B9, ©t* PRL 120 (2018) 202007

« Structure first observed by D@ in 2 g0t 'ATL'A'S' TRl T

2015, not observed by other 22000 rrevasw' ([ REE0 6

. 05)7000:— Vs=8 TeV, 19.5fb ¢ — Fit(S+B) =

experiments so far G 6000 s ]
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Search for Tetraquarks in BY, n*

« Comparison to other
experiments simplified by p,:
fraction of X-particle relative N(X)
to all BY, in that final state.

e EXxclusion limits in p,

pr(BY) > 10GeV  52.75+0.28
pr(BY) > 15GeV  43.46+0.24
pr(BY) > 10 GeV 60 + 140
pr(B%) > 15 GeV 230+ 150
pr(BY) > 10GeV  0.53+0.09
pr(BY) >15GeV  0.60+0.10

N(BY/10°

6.rc:l ( X)

* DO observed a py close to o 005 3
0 . : —.— serve % imi:
10%. Unlikely to be poil ATAS T e
compatible with ATLAS - (s=8TeV, 19507 — & 50 ]
result. 0.03- .

e Null result confirmed by 0.02]

CDF, CMS, LHCD

0.01]a

550
m, [MeV]
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b-Hadron Pair Productlon @ 8 TeV

« Charmonia: unigue window
for QCD studies

* Prompt production:
produced directly or through
strong decays

* Non-Prompt: produced in
decays of b-hadrons, can be,
separated due to the long b-
hadron lifetime

« B-pairs selected by selecting
J/Iy + u final state

* Require:
— non-prompt J/Psi (ct>0.25 mm)
— W compatible with b-origin

Events / 0.07 mm/c

Events/ 3

JHEP 11 (2017) 62

10* EYs=8TeV, 11.4 fb”

. Data
= Total p.d.f
== Non-prompt J/y
Prompt J/y ]
= = Fake J/y background A

3

3
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2 3 4

| Vs=8TeV, 11.41b"
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10°
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i
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= Signal p =
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=1 Fake J/III -

-150 -100

 Final ML fit based on 2 variables

100 150
d, significance

Eckhard von Toerne, Bonn

ATLAS results on Quarkonia and Heavy Flavour



b-Hadron Pair Production @ 8 TeV: Results

* Presented method is jet-independent: Tuned Pythia8 not very
successful in describing results. Best match with Madgraph5

s/ T e
'c't% ~ ATLAS e Data -=- Pythia8 Opt. 1 _
= Stat. -=- Pythia8 Opt. 4 |

= = Stat.+Syst. —— Pythia8 Opt. 5 =
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Production of X(3872) @ 8 TeV

108 JHEP 01 (2017) 117

e X(3872) unusually narrow > 0.20F " [HI+I T T
charmonium-like state. Too 3 | SO e VAN

. . -~ | —X(3872) Sig 8 59 e 1 4
narrow to be compatible with g °* vewss T ey
regular cc-state 3 o0k aTiAs -

: : e § i k \s=8 TeV, 11.4fb" ]

o Study of properties simplified ¢ J ]
: £ 0.05 iiéi?éis R

by comparing to y(2S) S ;

* Investigation of origin shows  o.00t—— 2 ——a et
prompt and non-prompt m(J/yr) [GeV]
contributions 2 %amas T Taves

B of- 8= TeV, 11.4f +X(3872)

e Fit of proper lifetime by :
distribution simplified by v 1
assuming a single “effective” o
b'llfetlme O;ID 2I0 3I0 40 5I0 6I0 ?I{J_

p, [GeV]

_ B(B—X(3872) + any)B(X(3872)—=J/yn*n") . 9
Rp = BBoUS) Ty B S ST = (3.95 + 0.32(stat) £ 0.08(sys)) x 10
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Production of X(3872) @ 8 TeV: Results

J/\pn*n‘ decay

S 0.'[ g 0.6 TLAS

o | ATLAS Data = s A ]
gl),, 0 08_ \s=8 TeV, 11.4 fb + ] @ 0.5F 1s=8 TeV, 11.4 fb —
> UL ... Kinematic Template Fit - - - -
H% i N 0.4f ]
< 0.06F 3 . -
5 + - < 03 | B E
% 004 _—'Jm 11 ESAAAARANNS l """"" + RILINE J.wJmu.r.r.wumum__: -'g_ 025_ _f
0.02:— — E— 0_13_ —+— ATLAS, |y| < 0.75, 8 TeV, 11.4 fb™" -

i 4 O B —=&— CMS, ly|<1.2,7TeV, 4.8 fb™
oL : : : S < 0:' : : : ]
10 20 30 40 50 6070 10 20 30 40 50 6070
P, [GeV] P [GeV]

Non-prompt X(3872) component similar to y(2s)

Possibly some contribution to X(3872) from B, decays
o(pp — B.)B(B. — X(3872))
o(pp — non-prompt X(3872))

= (25 + 13(stat) + 2(sys) = 5(spin))%

Non prompt fraction ~ 30%. Similar results as for CMS
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Di-Pion Structure of X(3872)
Di-pion in ¢(2S) - J/ nw transitions

described by Voloshin-Zakharov § O12ramas 2™

. . % 01: Data .

fu n Ctl 0 n . T iiData Fit (VZ Model) E
—~ 0.08 [~  y(2S) — Jiynn MC (phase space)

1 dr g S ogl ]

S 0.06f 7/ ]

— oc (m2 — /lmz) X PS = W 7 :

I dm, o d £ 004 // i

_ 5 0.02./ 7

We found A =4.16 + 0.06(stat) + 0.03(syst) £ /// )

03 035 04 045 05 055

Matches previous results. M. [GeV]

"L e
0'45 ATLAS
0.35( 1s=8 TeV, 1.4 b’ i -
0'35_ —4— Data
0'255_ B x@872) - 9ryp’( 70) -

0-2;_ 7// X(3872) — J/ynn MC (phase space) _+_ I_i
0.15F

0.1F

0.0527/// 7/ Y

0.3

Applied to X(3872) decays

Peaks even sharper at high masses.
In agreement with X(3872)=> J/y p° (= rn)
And in agreement with previous results

1/T dr/dm,_, (X(3872) — Jiy ')
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Quarkonium Production in pp + pPb @ 5TeV

106 LI L L N L L I L L L L Y L L L Y L BB LI
10.0<p*<11.0Gev ~ ATLAS

|y <20 pp Vs=5.02TeV, L=25pb’
2 —
¥2/ndof = 1.65 +-Data
— Fit
Prompt y(nS)

10°
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&% Non-prompt y(nS)
—1Bkg

Weighted Events / 20 MeV

10°

10?

42
m,, [GeV]

nuclear modification factors R,
normalized ratio of 6,p, / o,

R pp, describe effects of cold
nuclear matter

Vital factors for analysis of QGP
R,pp(Y(1S)) suppressed at low pT
R,pp(J/W) consistent with 1.

Weighted Events / 100 MeV

Eur. Phys. J. C 78 (2018) 171

= ‘ I =
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Quarkonium Production in pp + pPb collisions @ 5TeV

 Form double ratios from nuclear modification factors
between excited and ground state quarkonium

* Double ratios: Production of excited Quarkonium states is
found to be suppressed relative to ground states in pPb

collisions
* More statistics to clearly discern centrality dependence
> 2_ T T T ] ‘@ 2_ I I I |
g, [ ATLAS p+Pb, (S =502TeV, L=28nb" | = - ATLAS p+Pb, |5, =5.02 TeV, L = 28 nb"
=5 | 8<p_<40GeV pp, V6=5.02TeV,L=25pb" ga; | p, <40 GeV pp, V6=5.02TeV,L=25pb"
1.5_— 20<y*<15 — Q 1.5_— 20<y*<15 ]

~4-T(2S)/7(1S) Double Ratio
-5-T(3S)/Y(1S) Double Ratio

| Prompt w(2S) to J/y Double Ratio | Y(nS)to Y(1S) Double Ratio + il
0_ ! ! ! i 0_ ! ! ! i
40 - 90 20 - 40 5-20 0-5 40 - 90 20 -40 5-20 0-5

Centrality [%] Centrality [%]
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arXiv:1805.04000

Angular Analysis of BO2K* i 50311 @ 8 Tev

| d > dl I d - d
BY% u,c,1 K A K0
h— < “ S | B
W*s gw— e -
-

e Angular fit model
1 d'r
dI'/dg? dcos 0;.d cos O depdg?

- g2: di-p inv. mass

3(1 = F 1-F
o |3 L) gin? Ok + Fy cos® Ok + L sin? 0k cos 26

32 4 4 /gb ot
-Fr. cos’ Ok cos20r, + 53 sin’ Ok sin’ 01, cos2¢ u+
+S4 sin 20 sin 267 cos ¢ + S5 sin 20k sin @ cos ¢ 0
. 9 . . . 9[, Bd 0K
+S6 sin” @ cos ., + S7sin 20k sin O sin ¢ \
+Sg sin 20k sin 26y sin ¢ + S sin” O sin’ ;. sin Z;b] : \ N\\ \
—
\
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Angular Analysis of BO=>K* yu decays (8 TeV)

e Control region: B> y(nS) K*

e Results of fit in g2 region below y

peak, g2in [0.04-6.0 GeV?]

e Results in agreement with
predictions and with other
experiments.

- 1.8 ' T T T T T T T T ]
16 ATLAS Vs=8TeV, 20.3 fb'1_:

' -$- Data ]
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Summary

 ATLAS has active B physics program

* No signal observed in search for Tetraquarks in B%, t* final

state in agreement with other expts.

o Jet-independent b-pair production compared to MC

generators
e Study of non-prompt X(3872) production

* Investigation of cold nuclear matter effects in pp, pPb

collissions. Measured nuclear modification factors
e Angular analysis of B2>K* upu

e Thank you for your attention!
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