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Outline

* Study of J/Pp resonances in the A% — J/YpK™~ decays in pp collisions at
7 and 8 TeV with the ATLAS detector. (Pentaquark search)

ATLAS-CONF-2019-048

* Study of the B — J/YDS and B — J/¥D:™ decays in pp collisions at
Vs= 13 TeV with the ATLAS detector. ATLAS-CONF-2021-046

e Search for a structure in Bm* Invariant Mass spectrum with the ATLAS
experiment. (X(5568) search) PRL 120, 202007 (2018)

* Relative B.*/B* production measurement at 8 TeV.
Phys. Rev D 104, 012010 (2021)
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ATLAS-CONF-2019-048

Pentaquarks in A} = J/YpK ™

History > D° 50
LHCb O gata LHCDb
§ 1000 [ oo I)otall(flt F
. —— backgroun
2 pentaquarks observed in A}, - J/YpK~ (PRL 115,072001) z oco k- ;
P.(4380)* width ~205 MeV, P (4450)* width ~39 MeV g
S 600 :—
A) - ] /ypm~ decays consistent with A — J/1pK ™ results £ oo lf : * +
(PRL 117,082003) 2 I padizy P3390 fP(aa57)
200 :— : :‘
Larger data set of A — J/YpK~ oF ‘A\_ ,_ A
P.(4312)*, P.(4450)* is two overlapping peaks P (4440)*, P(4457)* 1200 4280 4300 A8 A ey 000 880 ae00
(PRL 112,222001) e

Not observed by GlueX Collaboration: PRL 123, 072001

DO observed 3 ¢ evidence in J/y p events (arXiV:1910.11767)
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No hadron identification in ATLAS so need to consider numerous states.
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B-hadron reconstruction g ¢ — [
4 1000__ B B, > J/yKK
N <2.5 o e
4-track vertex cuts on (u*, u,hy,h,) =Sk '
pr(Hp) > 12 GeV, [n(Hp)[<2.1 600"
Mass, L,, decay length and helicity cuts aoof- e
200/
m(Km) and m(ntK)>1.55 GeV R

5.8 5.9

M(J/y, p, K) [GeV]
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Pentaquarks in A}, = J/YypK ™

m({J/y p)
2 _
¥2/Ngo=37.1/39 hd %2/Ngor=37.1/42
> _l T I T T T l T T T I T T T I T | S5 G . TR 7 S Nl e W ] > _l T I T T T ] T T T I T T T I T T T '—— '—— """
2 [ATLAS Preliminary il ol PET R 2 FATLAS Preliminary o P
S 300 ~Vs=7,8TeV;4.9,20.6 fb"’ [] Combinatorial BG ] S 300 ~Vs=7,8TeV;4.9,20.6 b’ ] Combinatorial BG ]
o - [ B,-J/vKx | o s 0 B, JivKn :
2 [5.59<MJ/y,p.K) <5.65GeV — i & [5.59<MUJ/y,p.K) <5.65GeV — TV
= [ B B, J/ynn . S ndd B B,—Jiynr .
L% 2501 + B B, J/yKK R L% 250¢ + B B, —J/yKK
[ ,\: »JgA* +refl. B AL SJIgAT +refl. |
= A .,\: PK o — AP K h
200[~ === AP refl. 200~ AE P K refl. ]
& .»\§—>PC‘K ] & AP K a
150 TeAet 150 ]
100 - 100 -
50— — 50— -
" n of ]

Hypothesis with two pentaquarks P.; and P,

4.8 5
M(J/y, h=p) [GeV]

5.2

4.8 5
M(J/y, h=p) [GeV]

5.2

Hypothesis with four pentaquarks P.y,Pc;,Pc3,Pes

with spin parity 3/2- (lighter) and 5/2* (heavier)

Masses, widths, relative yields of narrow pentaquarks
fixed to LHCb values
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Pentaquarks in A, = J/YpK ™

Events / 40 MeV
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Projections of central fit results for two pentaquarks

Model with 2 pentaquarks describe the data well
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Pentaquarks in A} — J/YpK ™

Parameter

Value

LHCb value [5]

N(Pcl)

4007 140 (stat) “1po(syst)
1507 190 (stat) Tgo(syst)
540130 (s tat) o (syst)
2.8 e s(stat) o 1(bybt) rad
4282153 (stat) 722 (syst) MeV
140717 (stat)T33 (syst) MeV
4449715 (btat)+18 (syst) MeV
51755 (stat)Tis (syst) MeV

4380 £ 8 29 MeV
205 £ 18 £ 86 MeV
4449.8 £ 1.7 £ 2.5 MeV
39+ 5119 MeV

Masses and widths are all consistent with results from LHCb

B. Abbott HQL2021



Pentaquarks in A} — J/YpK ™

* Analysis repeated without pentaquarks
* Descriptions of all distributions are not as good

* Data prefer model with two or more pentaquarks

although model without pentaquarks cannot be excluded.

2 fit to m(J/y p) distribution gives p-value of 9.1 x 103

B. Abbott HQL2021
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ATLAS-CONF-2021-046

B — J/pD{?

« Bf - ]/lljDs(*)Jr can occur through b decay with c as spectator, or through annihilation diagram

BF

b ¢
@ @
C’ g C

Color-favored spectator Color-suppressed spectator annihiliation

B - J/wDE? decays observed at LHCb (PRD 87 (2013) 112012) and ATLAS (EPIC 76 (2016) 4)

This analysis: Provide a more precise measurement of the B} — ]/1/)DS(*)Jr branching fraction and
polarization with full Run-2 data.

Useful for perturbative QCD calculations, relativistic potential models, sum rules calculations ...

B. Abbott HQL2021 9



B} — J/pD{?

* B = J/YwTuT)Ds (> ¢(-» KTK™)m™)

e BY - J/W(utu )Di* (- DIy/m®) same reconstructed
final state since soft neutral particle is not detected

* Reference channel for BR measurement:B; — J/{m™

* Fiducial range: p(B.*) >15 GeV, |n(B.*)|<2.0

(] Measu rements: 5800 6000 6200 6400 6600m(32/3$(7)v) [7&090\/]
* Ratio between BR of signal channels and Bf — J/ym™: RD(*)+/7T+
S

Entries / 20 MeV

}
= |
= |
'p-.
=
B

* Ratio between BR of signal channels to reduce uncertainties: RD;+/D;r
* Transverse polarization fraction I'y4/T for Bf — J/yD;*



B — J/pD{?

* Dataset 1: Candidates collected by standard dimuon

or 3 muon triggers without requirements on additional

inner detector track.

* Can be used to measure RDS+/7I+ and RD;+/,T+

* Dataset 2: Candidates collected only by dedicated
BY — utu~ ¢ triggers and not by other ones

used in the analysis

* Improve sensitivity to Rp++ p+ and I'y /T
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Results:

Rp#/m+ =2.76+0.33(stat.) + 0.29(syst.) + 0.16(br.f.)
Rps+/m+ =5.33 £0.61(stat.) +0.67(syst.) + 0.32(br.f)
Rpz+/py =1.93 £0.24(stat.) £ 0.10(syst.)

[ 4/T

= 0.70 £0.10(stat.) + 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

QCD relativistic potential model describes well all three ratios

L L L L e e b L LS LALe L L aaaa A naas
ATLAS Preliminary

ATLAS (Run 2) —— —— —— —e—
LHCb (Run 1) --:b—‘ § -i-—o—- '—0--i-
ATLAS (Run 1) —  —— — " :
Qco PM . . .
QCOSR| = & = : = :
RCOM| = ¢ - ¢ . :
CCOM (e . P —.—
BsSw| = : : :
LFQM| »—a—ts : — :
pQCD ' — : . -
RIQM : : : .
FNCM .- : : :

v loendboeneliannls lulllllllllllllli_lllllllllll paleaa oo badad,

1 2.°3 & 5 B 10 1 2 3 4 0204 06 08

Ro;»x- Ro;"x- Ro;' D; r/r
Ryt Rovejv- Rpeeijpd ¢4/T Ref.

2.76 £ 047

5.33 £ 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 [1]
ATLAS Run 1 [2]

38+1.2 104 +£3.5 28702  0.38+0.24
2.6 4.5 1.7 QCD potential model [3]
1.3 5.2 3.9 QCD sum rules [4]
2. 5.7 2.9 RCQM [5]

1.29 + 0.26
2.2
2.06 = 0.86

‘ =+0.49
-;.'L) 0.17

3.257 = 0.293

5.09 £+ 1.02

3.96 = 0.80

3.01 = 1.23
2.54205)

0.46 = 0.09

0.48 = 0.04
0.410

CCQM [6]
BSW [7]
LFQM [8]
pQCD [9]
RIQM [10]
FNCM [11]
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X(5568)iSea rch

History:

EV|dence from DO of X(5568) state in
(5568) — BT (PRL 117,022033,PRD 97,092004)

Not observed at:
CDF(PRL 120,202006)
LHCb(PRL 117,152003)
CMS (PRL,120,202005)

ATLAS Search using Run 1 data
\/s=7TeV, 4.9 fb1,y/s= 8 TeV, 19.5 fb1

250

ATLAS-CONF-2017-02. (PRL 120, 202007)

~, 200
>
o
f 150
-1
P DO Run ll, 10.4 fb
=
o 100 . :
o ¢ Semileptonic Data
= — Fit
so* e Background
S e Signal
0 i ol bl TV WO N |
990 5.6 5.65 5.7 5.75 5.8 5.85 5.9
m(B's 1) [GeV/c?]

B. Abbott HQL2021
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+
X(5568) Search

% = | | | = i | =
= 9000 =
To) 80005 ATLAS o gizt:al = 5
B, candidates P IR s g . Background (B)
c 7000 Vs=8TeV,195fb — Fit(S+B) =
pr(p) > 4 GeV, pr(K)> 1GeV 2 6000E- 3
Di-muon, di-kaon, and 4 track mass cuts - z :
Di-muon and 4 track vertex cuts 50005 =
1(B,)> 0.2 ps 4000E= =
3000 E
2000 —
. 1000 :

B, m reconstruction JE==

3 = I - N _1_‘-1"‘1" 1 1 4 A_LL_. .Al"’-h._‘_ ] - ,‘ =
pr(m) > 500 MeV + primary vertex cut 5200 5300 5400 5500 X ©600
5346.6 < m(B,) < 5386.6 GeV m(J/y K'K') [MeV]
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+

X(5568) Search
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+

X(5568) Search

* No evidence of a signal so set limits
+
* N,: signal events and p,: B, fraction from X(5568)

pr(B.)> 10 GeV

< 0.05 S —

N,=60 + 140 a. r 5

- ATLAS —m— Observed 95% CL limit |

Px< 1.5% at 95%CL 0.04] (5-7 TeV. 4.9 f! -~~~ Expected 95% CL limit

- - Vs=8TeV, 195" o L .

Limits comparable to LHCb and CMS p ]

pr(Bs)> 15 GeV 0.03- £
N,=-30+150 ¥
p<1.6% @ 95% CL o
0.01s

No evidence of candidates at other masses in CLs scan

8550

m, [MeV]
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B." is the only known weakly decaying particle made up of two

heavy quarks.
Why study B_* decays?

* Test of QCD predictions
* Input for heavy quark production models
Complements CMS/LHCb measurements

Measurement of ratio:

0(BS)-Br(Bf ] /yr)-Br(/Yp-putu”)

o(BT)-Br(B*=]/YK*)-Br(J/Yp—-pu*u)

Allows common systematics to nearly cancel.
Measured in fiducial region p;(B)> 13 GeV, |y(B)|<2.3

* In addition 2 binsin P;:

13<p7(B) < 22 GeV and p¢(B) >22 GeV

* 2 binsin rapidity |y(B)|< 0.75 and 0.75<]|y(B)|<2.3)

arXiv:1912.02672, Phys. Rev D 104, 012010

Relative B_.*/B* production measurement at 8 TeV

Events / 10 MeV
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Results:

0(B&)-Br(BE =] /yrt)-Br(/Y-utuT) _

o(B*)-Br(Bt—]/WK*)-Br(J/p-utpu~)

(0.34 +£0.04(stat) 15 (syst.) + 0.01(lifetime))%

Production decreases faster with p; for B. than B*

No evidence of any rapidity dependence

0.683+0.018 +0.009  p;<20 GeV,2.0<|y|<4.5  LHCb 8 TeV

0.48+ 0.05 £ 0.03+0.05

pr>15 GeV, |y|<1.6. CMS 7 TeV

Analysis bin

o(BF)/o(BF) x B(B — J/yrn™)/B(B* — J/YK™)

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

(034 = 0'04stat 1-88(23 syst == 0'0111fetime %

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

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

X

)
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(0.24 = 0.045001 T0207 syst = 0-0Lgetime)
)
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X X
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(029 o 0-055tat 1-88; syst == 0'Ollifetime Yo
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Conclusion:

e ATLAS has a rich heavy flavor physics program

* Many analyses statistically limited and will be updated with full
Run2 dataset with improved detector performance

* Stay tuned for future results

Links

(Pentaquark search). ATLAS-CONF-2019-048

Study of the Bf — J/Y¥DJ and B — J/YD:* decays ATLAS-CONF-2021-046

(X(5568) search) PRL 120, 202007 (2018)

Relative B.*/B* production measurement at 8 TeV. Phys. Rev D 104, 012010 (2021)
B. Abbott HQL2021
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https://cds.cern.ch/record/2693957
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.202007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012010

Backup
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B — J/yrt fit

Parameter

Value

mg+ [MeV]

NBQL —J /Yt

62745+ 1.5
475+25
84401330

B. Abbott HQL2021
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B+ — J/yD{" fit PDF

» 2D unbinned ML fit of m(J/¢¥)DZ}) and | cos#'(p)|; mass and angular PDF are
factorized

» ratio between B — J/¢ D} and B — J/¢)D}" yield and fi are the same in DS1
and DS2
» BF — J/¢DJ signal
» mass: modified Gaussian
» | cosf (p)|: MC kernel template (same in DS1 and DS2)
» Bl — J/WD:T signals, separately AL+ and Agg components

» mass: MC kernel templates (same in DS1 and DS2)
» |cosf (p")|: MC kernel templates (same in DS1 and DS2)

» Background

» mass: exponential (same slope in DS1 and DS2)
» | cos® (1")|: 2nd order polynomial (same parameters in DS1 and DS2)

1

' Gauss™ o exp(—0.5 x t'+1/(1+/2)) ‘where t = |m(J/9YD}) — mg+|/opg+

B. Abbott HQL2021
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Bt — J/yD fit r
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Parameter

Value

mg+ [MeV |
O'Bél- [MeV]

6274.8 = 1.4
L1.5 1.5

Ipr+ /pt 1.76 22022
fit 0.70 +0.10
Nt iape 198£20
Ngi2,,por 4910
N pgose 95882
NeZ~ oo 241128
NS e 424446
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Ratios calculation

=
. NDS1
R . _ B(Bf — J/9DE) _BF—u/yD* y EBF U/ pmt y 1 1)
* )+ _— — ,
DT ft B(Bf — J/vyn) N+ s g /pm+ szil—U/wD(*)* B(Di — ¢(K+K—)r+)

» B(DS — ¢(KTK~)n™) taken as m(K™ K~ )-dependent, using CLEO measurement, recalculated to +7 MeV

=
4 - NDSl&2 EDSl&2 EDSl&2
R _ B(BZ = J/¢D;™) _ TBiu/wDrt | "BE—J/uDf B —J/ 4D 5
D fipt: = B(Bf — J/¢DF) _ NDSi&2 A DS1&2 i EEtypt 25 _DS1&2 , (2)
2 e BS —J/vDF B —J/¢yDFt B —J/¢yDFt
|
1
/€% Ly pDrt Ay y +2)/E8F 1/ Drt, Ag
B
021&2 %
_ B —J/¢D
B —J/¢DIt ALy
Mode 6gcil—u/wx [%] egcil—&j/wx [%]
B} — J/yD? 0.971+0.012 1.163 4 0.013

B} — J/YDt, Ap  0.916+0.012 1.088 + 0.012
B} — J/yDX*, Ary 0.868+0.010 1.049 + 0.011
B} — J/yrt 2.169 + 0.018 -
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B — J/pD{?

Systematics

Source Uncertainty [%]
Rotyx+  Rprt/x+ Rpr+,py T/

Simulated pT(BC’) spectrum 1.5 1.9 0.4 0.1
Simulated |n(B] )| spectrum 0.7 0.7 0.1 0.2
B;' lifetime 0.1 < 0.1 - -
D: lifetime 0.4 0.4 - -
Tracking efficiency 1.0 1.0 < 0.1 < 0.1
Pile-up effects 1.0 1.0 - -
X2/ ndf cut efficiency 3.2 3.2 - =
Impact parameter cuts efficiency 0.2 0.2 - -
BDT cut efficiency 13 1.3 - -
Trigger efficiency 1.0 1.0 - -
Bf — J/u‘:D;*)+ signal fit:

D: signal mass modelling 1.8 0.5 1.3 0.8

Ds*+ signal mass modelling 0.6 1.2 1.7 2.7

signal angular modelling 0.4 < 0.1 0.4 0.6

background mass modelling 6.0 9.0 3.2 1.0

background angular modelling 0.9 1.3 2.1 24

BY — ptpuT ¢ triggers 0.8 0.5 1.3 4.0
B — J/¢y=™ signal fit

signal modelling 42 4.2 = N

PRD/comb. background modelling 5.8 5.8 - -

CKM-suppr. background modelling 1.0 1.0 - -
MC statistics | 15 1.5 1.7 1.5
Total | 107 12.6 5.0 5.8
B(DF — ¢(KTK™)=™) | 5.9 5.9 - -

P Effect of muon reconstruction and identification efficiency uncertainty affects individual channel efficiencies by about 1-2%. However, for the measured
quantities, due to cancellation in the efficiency ratios, it is found to be negligible.



Pentaquarks in A} = J/YpK ™

Systematics

Source N(P.) | N(Po) [ NPy + Po) | A0
Number of A} — J/ypK ™~ decays 3% | *3s% K roo%
Pentaquark modelling iy % 1% 0%
Non-pentaquark Aj — J/ypK ™ modelling | 3% % Ly He%
Combinatorial background 1I% % 2% 3%
B meson decays modelling Y% Y2 % 2% 1%
Total systematic uncertainty % L4, - % by
Source m(P.,) | T(P,) | m(P.s) | I'(Ps)

Number of A} — J/¥pK ™~ decays e | Tazop | 220fep ] i
Pentaquark modelling $05% | 8% | 138% | 3%
Non-pentaquark Ay — J/ypK ™~ modelling | T05:% | T13% | Toma% | 3%
Combinatorial background TN 1 0% | X% %
B meson decays modelling 1000% | ¥3:% | Fo5a% | Far%
Total systematic uncertainty $02% | X% | A0e% | %

B. Abbott HQL2021



Relative B_/B* production

| Source of uncertainty | Uncertainty value
B B*
13GeV < py < 22GeV | py > 22GeV | 13GeV < py < 22GeV | py > 22GeV

Signal model of the fit 2.4% 1.1% 0.1% 0.2%
CS and PRD components 13 iy i 0.5% 0.5%
Background model of the 1.7% 1.2% 0.25% 0.2%
fit

“Mrigger and reconstruction 0.9% 0.8% 1.2% 1.2%
cffects
B-meson  lifetime  uncer- 1.1% 0.9% < 0.1% < 0.1%
taimy

[ Source of uncertainty I Uncertainty value

B B~
<075 [0.75<yl<23 | W <0.75 | 0.75 < [y] < 2.3

Signal model of the fit 2.5% 2.8% 0.1% 0.2%
CS and PRD components J_';'g‘% tgﬂ';f? 0.5% 0.5%
Background model of the 2.8% 1.3% 0.2% 0.2%
fit
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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