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Weight : ~ 7000 tons

ATLAS Detector @LHC I

* Inner Detector (Pixel+SCT+TRT) 25
* Pt>0.4(0.1) GeV, |n|<2.5

Tile calorimeters

: \ LAr hadronic end-cap and

¢ M U O n S p e Ct rO m ete r :\: /':.f‘- ?. l l,, | —M \forward calorimeters
° Ofﬂlne traCking: | r] | <27 """" / Toroid n;\ognels / \ LAr elechromagnetic calorimeters
+ Triggering: [n|<2.4

* Run-2 improvements

» Detector: IBL (Insertable B-layer), inner-most pixel layer(r=33mm) and thinner beam-pipe
* resolution in mup: ~50 MeV at J/{ mass, ~150 MeV at Y(nS) masses; ~10 um impact parameter resolution
* time resolution® ~60 fs after installation of IBL in Run 2 (30% improvement w.r.t. Run 1)

* higher Luminosity and Sqrt(s) 7/8 TeV -> 13 TeV
e Trigger upgrade to maintain low muon threshold at high lumi

* Great potential for new results in heavy flavor physics studies




ATLAS charmonium production

[ATL-COM-DAQ-2019-040]
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J/U and Y(2S) production

studies of heavy quarkonia provide insight into QCD near boundary of
perturbative and non-perturbative regimes

* cross section measurement is important for refining quarkonia production
models

ATLAS Run 1:
* low-threshold dimuon triggers, limiting pT range to ~ 100 GeV

ATLAS Run2

* use single muon trigger with high threshold at 50 GeV, un-prescaled for the full Run2 data,
139 fb1

* Provides coverage of the high-pT end of the distribution, well beyond previously achieved
transverse momenta
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J/U and Y(2S): Mass and lifetime Fits
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J/b and Y(25) t fracti
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J/U and Y(2S): non-prompt x-sections
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J/P: Prompt cross section at 13TeV

* ATLAS and CMS good agree in the overlap - ATLAS Praliminary
region sy
= 10° ey  Fit~lorpyt
* CMS, pT from 20 up to 120-150 GeV P e, o
* PLB 780(2018) 251 5 ey
« Together smoothly cover 20-360 GeV e nesotzoz
e Simple parameterisation describes data well, '*
over 7 orders of magnitude g E
¢ (b+p;)™ with b=4.40, and n=5.91 5 1ok

T

* |t would be interesting to see NRQCD o
predictions, especially for the high pT end 30 40 50 60 70 80 9010° o, i
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B.*/B* x-section ratios at 8TeV with 20fb-1

yyyyyyyyyyyyyyyyyyyyyy

> 600k - 200001 —— .
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* unique probe for heavy quark dynamics g 00 T2 tewos IO
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* fiducial volume: pT >13 GeV, |y|<2.3

 2pTbin (13-22, >22 GeV), and 2 |y| bin (<0.75, 0.75-
2.3)

* extended unbinned ML fits to the mass distributions of
B and B* to extract N from the data in each bin



*/B* x-section ratios

* relative X-section in fiducial region (horizontal line)

o(BZ) - B(B: = J/yn™)
o(B%) - B(B* — J/YyK*)

e 2 bins of pT and |y|:

* ratio decreases with

= (0.34 + 0.04

pT

* no significant |y| dependency

+0.06
stat _()_02 Syst

 complements CMS and LHCb results
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Pentaquark search in J/{p

* LHCb: structures observed in J/yp mass spectrum A0, - “:
> J/pK- decay i
* P.(4312)*, P.(4440)* and P(4457)*
: Y o A
° h|nt for PC(4380)+ 400@“ P(43§12)+ .
2001 d \

[0y A Iy, e IR PP
4800 4250 4300 4350 4400 4450 4500 4550 4600
M e [MeV]

* not observed by GLUEX in yp->J/yp s-channel

- PRL123(2019) 072001 3 s000
2 4000~ -
H . % 3000 -
* DO: 3sigma unresolved P_(4440)+P.(4457) peak in 2 ook e
inclusive P->J/p channel o S
* arXiv:1910.11767 P B4k:" 1)

M(J/yp) [GeV]
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ATLAS Pentaquark search in A%, —> /L|JIOK
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Fitting with 2 or 4 Pentaquarks

Fitting with 2 pentaquarks hypothesis with spin parity of 3/2-

(light) and 5/2*(heavy)
» good description of data: x2/n.d.f =37.1/39
* systematic uncertainties comparable to statistical ones
Parameter ‘ Value LHCD value [5]
N(P.) 400130 (stat) 1 10 (syst) —
N(P.») 150"} 70 (stat) "3 (syst) -
N(Pei + P) 540750 (stat) 20 (syst) -
Ag 2.8%1-0(stat)*(-1(syst) rad =
m(Pe1) 4282433 (stat) 2 (syst) MeV 4380 + 8 + 29 MeV
[(Pc) 140777 (stat)*3} (syst) MeV | 205 + 18 + 86 MeV
m(Pe>) 4449%30 (stat)*]5 (syst) MeV | 4449.8 + 1.7 +2.5 MeV
I'(P.o) 51432 (stat)*1¢ (syst) MeV 39 +5+ 19 MeV

Fitting with 4 pentaquarks hypothesis

e can NOT be distinguished because of low mass resolution

» tested by fixing parameters to LHCb values

* x2/n.d.f=

37.1/42

Events / 20 MeV

Events / 20 MeV
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No-Pentaquark hypothesis

» x2 fits of the mass distribution in the

. . . 2 Farlas pepraart e B ]
signal region for the hypothesis = AAS Pelminary — Totalsignal
without pentaquarks with the R aoppte= 78Tl 49,2005 B m ok

P g * @ [559<MU/y,pK) <5.65GeV B By
extended A% - J/PA*0decay model 5 250[ | B KK
(w 0 .

* x2/n.d.f =42.0/23, p-value=9.1e-3 + ; Ag-allyis T,

200
* Model without pentaquark disfavored A
but can’t be excluded 100

20
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M(Jhy, h=p) [GeV]
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Summary

e ATLAS has a rich physics program for heavy flavor, selected results
reported
* J/U and Y(2S) production at high pT at 13TeV 139fb-! data

* non-prompt fraction ~0.7 for both J/y and (2S)
* non-prompt x-sec from FONLL tend to be higher than data at high pT end

« B*/B* production cross-section at 8TeV 20fb! data

e complements LHCb and CMS measurements
* the ratio decreases with pT, no significant |y| dependence

* Pentaquark search at 7-8 TeV 25fb-1 data
* Model with 2(or 4) pentaquarks Pc->J/{p consistent with data (and with LHCb results)
* no-pentaquark hypothesis disfavored but can’t be excluded so far

* stay tuned for the new results!
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J/U and (2S): Differential cross sections

= i T T T ‘ T T = | vl E T T T | T T E
g 10°s ATLAS Preliminary ~ Prompt Jiy = g 1050 ATLAS Preliminary Non-prompt Jiy 5
5 F Vs=13TeV, 139 fb' ~4-data x 102 1.50 < |y| < 2.00 ] S E Vs=13TeV, 139 fb' ~4-datax 102 1.50 < |y| < 2.00 3
é 10% e ’ 1 = é 4 o ’ § =
e E0 o ~4-data x 10',0.75 < |y| < 1.50 3 L 10 Ty +4-data x 10", 0.75 < |y| < 1.50g
O[O 103k - +4-data x10°,0.00<y|<0.75]  b|T_ E oo e ~4-data x10°, 0.00 < |y| <0.75 3
g e e e S e e a PR E
—~ 102 %_—0—! o— —eo— - —~ : I_Hl—.—< —o— —eo— 3
=1 E e i —o—i 3 S 10°F Lo o L = J/Ll)
iy E - e 3 s E e —e—  ed 3
T 10 —e—i o— O E i 10E —e— Bk -
> E e H® ® 3 s E N [ E
e o < F e 3
3 1§— e s = =} 1E P, e ]
e} F o —e— 3 m E o E
1071 E s } = 1071 :_ —— f _:
5 E —— = E —e— § 3
1 07 ? ’_i__é 10*2 ;_ '_!_—;
_I 1 1 1 ‘ 1 Il 1 ; 1 Il 1 | 1 k E
60 70 80 90100 200 300 60 70 80 90100 200 300
p(un) [GeV] p(u) [GeV]
= —— . — — T . —
%5 10 ATLAS Preliminary ~ Prompt y(2S) 1 2 - ATLAS Preliminary  Non-prompt y(2S)
O E 3 @, 104 -
S E Vs=13TeV, 139 fb" -4-datax 10% 1.50 < |y| < 2.00 3 e E Vs=13TeV, 139 fb™" -4-datax 102 1.50 < |y| < 2.00 §
= il +4-data x 10", 0.75 < |y| < 1.50 ] = L +4-data x 10, 0.75 < |y| < 1.50 ]
> 107 g 0 —=| > f
ole. 5 +4-data x 10° 0.00 < |y| < 0.75 5 OIT. 10°% ke -+-datax1o,o.oo<|y|<o.75_E
= % C ——f N © % E o ri §
— 2L | — - i
+'1 10°E '—HFQ—‘ E ;1 1 02 = ’_H)—Q—i —
% E —e—i —— 3 i E e E
F ey . 3
a E e 3 & E e —— E
= C —e— ] = = o 3
= | o i N = F oy —e— 3
& 1E e E s} .
E —e—i E e 3
10—1 :_ _: E ;
E . . L3 10 M= . | . A
60 70 80 90100 200 300 60 70 80 90100 200 300

P (w) [GeV] p.(uw) [GeV] 18



J/U and P (2S): fitting model

ATLAS-CONF-2019-047

i Type P/NP fi(m) Rt
1 J P wG1(m)+ (1 —w)CB{(m) o(1)
2 J NP wGi1(m)+ (1 —w)CB{(m) E((1)
3 ¢ (2S) P wGr(m) + (1 = w)CB>r(m) o(T)
4 Y(25) NP wGr(m) + (1 — w)CB>(m) E>(7)
5 Bkg P B o(7)
6 Bkg NP E4(m) Es5(T)
7  Bkg NP E¢(m) Eq7(|7])

Notation | Function

G Gaussian

B Crystal Ball

E Exponential

B Bernstein polynomials

Table 1: Parameterisation of the fit model. Notation is explained in the text and in the table on the right. Correlation
between m and 7 is introduced in one of the sub-terms for i = 1, see the text for details.
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J/U and Y(2S): uncertainties
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Figure 2: The total, statistical, and systematic fractional uncertainties are shown as a function of pt for (a) prompt
J /i, (b) non-prompt J /i, (c) prompt (2S), (d) non-prompt (2S) mesons for the rapidity slice |y| < 0.75. The
main components of the systematic uncertainties are also shown.
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Bci/Bi

x-section ratios: yields

Table 1: Summary of the main parameters of the B* fits. The uncertainties quoted are statistical.

Analysis bin

Fitted mass of the B* [MeV]

Number of the B* candidates

o of the B [MeV]

p1(B) > 13 GeV, |y(B)| <2.3

13 < p7(B) <22 GeV, |y(B)| < 2.3
pT(B) > 22GeV, |y(B)| <2.3

p1(B) > 13 GeV, |y(B)| <0.75
pr(B) > 13GeV, 0.75 < |[y(B)| < 2.3

32786+ 0.1
32765 +0.1
5278.8+0.1
5278.4+0.1
22701 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°

373201
375 +£01
38.1+0.1
26.6 £ 0.1
45.9+0.1

Table 2: Summary of the main parameters of the B fits. The uncertainties quoted are statistical.

Analysis bin

Fitted mass of the BZ [MeV]

Number of the B candidates

o of the BE [MeV]

pT(B) > 13 GeV, |v(B)| < 2.3

13 < pr(B) <22 GeV, |y(B)| <23
p1(B) > 22 GeV, |y(B)| < 2.3
p1(B) > 13 GeV, |y(B)| <0.75
pr(B) > 13 GeV, 0.75 < |y(B)| <2.3

6281.0+4.5
6283.7+6.9
6278.4+5.7
62751+ 1.7
6275.2+ 9.0

98
417+68
36312
319437

+71
454_66

524 +5.6
59.5+9.2
45.7+6.7
31.5+5.7
67.1 +10.4

arXiv:1912.02672
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B.*/B* x-section ratios: uncertainties

Table 5: Summary of all systematic uncertainties for the number of signal events in the two pt bins.

Table 4: Summary of the absolute values of systematic uncertainties for the analysis efficiency ratios.

arXiv:1912.02672

Source of uncertainty ||

Uncertainty value

Source of uncertainty

I

Absolute value of the uncertainty in the efficiency ratio

pr > 13GeV | 13 < p1 <22GeV | pt >22GeV | |y <0.75 | 0.75 < |y| <2.3
Size of the MC samples and 0.03 0.05 0.03 0.05 0.04
the event counting
sPlot-based MC reweighting 0.04 0.03 0.03 0.05 0.06
procedure
Minimal selection criteria 0.04 0.09 0.02 0.06 0.03
Tracking uncertainty 0.01 0.01 0.01 0.01 0.01

Table 6: Summary of all systematic uncertainties for the number of signal events in the two |y| bins.

Source of uncertainty

Uncertainty value

B 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%

CS and PRD components 2w o 0.5% 0.5%
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

B B*
13GeV < pt <22GeV | pt >22GeV | 13GeV < p7 <22GeV | pt > 22GeV

Signal model of the fit 2.4% 1.1% 0.1% 0.2%
CS and PRD components tlz‘).l?/t : t1294?/t : 0.5% 0.5%
Background model of the fit 1.7% 1.2% 0.2% 0.2%
Trigger and reconstruction 0.9% 0.8% 1.2% 1.2%
effects

B-meson lifetime uncer- 1:1% 0.9% <0.1% <0.1%
tainty

Table 7: Summary of all systematic uncertainties for the number of signal events in the combined bin (pt > 13 GeV,

|y| < 2.3).

Source of uncertainty

Uncertainty value

B B*
Signal model of the fit 2.4% 0.1%
CS and PRD components J_rlzﬁf/t/( 0.5%
Background model of the fit 2.9% 0.1%
Trigger effects and reconstruction effects 0.9% 0.9%
B-meson lifetime uncertainty 0.7% < 0.1%
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pentaquak fit procedure

Fit to all kinematic distributions
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Figure 7: The m(J /¢, hy = K, hy = m),m(J Jw, hy = n,ho = K),m(J [y, hy = K, hp = K)and m(J [y, hy = nt, hy = 7)
distributions for all selected H;, candidates. The “global” fit results are also shown.

23



pentaquak fit procedure
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Figure 9: The m(J /¥, hy = K), m(J ¥, h, = K) and m(h; = K, h, = K) distributions for for events from the B? CR.

The “global” fit results are also shown.
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pentaquak: uncertainty

Source N(Pc1) | N(Pe2) | N(Pey + Pe2) | Ag
Number of A — J/ypK~ decays | *18% | *55% el 3%
Pentaquark modelling | *2% | *\% 1% 180
Non-pentaquark A) — J/ypK~ modelling | % ey i 0
Combinatorial background | *}-0% | *'¥ M 48 2
B meson decays modelling | *13% | *28q 18 02
Total systematic uncertainty l % | oy ‘ % Bt

Table 2: Systematic uncertainties for measurements of the pentaquark yields under assumption of no interference

effects, the yield of a sum of two pentaquarks and the relative phase between pentaquark amplitudes.

ATLAS-CONF-2019-048

Source m(Pey) | T(Pe1) | m(Pe2) | T(Pe2)

Number of AY — J/ypK~ decays | *008% | 532% | *007% | 1%
Pentaquark modelling | *3% | *18% | 020 | 0o

Non-pentaquark A) — J/ypK~ modelling | *033% | *)3% | *0:23% | *2%
Combinatorial background | *0-03q | 0 | *001qe | +22q

B meson decays modelling | *0-24q | 2o | +027q, | +l7q,

Total systematic uncertainty ‘ Rl ‘ g ‘ 3% ‘ %

Table 3: Systematic uncertainties for measurements of the pentaquark masses and natural widths.

The systematic uncertainties are summarised in Tables 2 and 3.

Contributions from the systematic
uncertainties listed above are added in quadrature separately for positive and negative variations.
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