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J/W pair production studies at ATLAS and CMS: exotic states

ATLAS-CONF-2022-040

Studies were motivated by LHCb discovery of resonant-like signal X(6900) in di-J/y spectrum: Science Bulletin 65 (2020) 1983-1993
ATLAS and CMS also studied di-J/y spectrum near production threshold:
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J/W pair production studies at ATLAS and CMS: exotic states CMS-PAS-BPH-21-003

Studies were motivated by LHCb discovery of resonant-like signal X(6900) in di-J/y spectrum: Science Bulletin 65 (2020) 1983-1993
ATLAS and CMS also studied di-J/y spectrum near production threshold:

Plots show fit solutions with and without
,135'fp“‘|(1‘3| Tev) interference for CMS data:
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Precise analysis of di-J/y spectrum (including angular information) is needed to shed light on structure of the threshold signals as well
as exotic nature of X(6900) and X(7300) candidates.



Triple J/y production at CMS CMS-PAS-BPH-21-004

Submitted to Nature Physics
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Pentaquarks decaying into J/(p at ATLAS

ATLAS-CONF-2019-048

Following the discovery by LHCb, the A,— J/YpK decays in the region of high pK system masses were

analyzed in ATLAS data.
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The 'no-exotic contribution’ hypothesis is excluded at the
level of p-value = 9-10-3.

Data are consistent with 4-pentaquark hypothesis
reported by LHCb in 2019. Further studies are ongoing.
Analysis with Run II data is ongoing...
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Differential cross sections of quarkonia production at ATLAS and CMS
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Measurement of the CP-violating phase in B, =J/y¢ decays

Entries / 0.2 ps

(data-fit)/o

The measured parameters include the CP-violating phase ¢, the width
difference Al between the B, meson mass eigenstates and the average

decay width I

“Tension” between different experimental results is observed...
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Measurement of the CP-violating phase: combination

©68% CL contours
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B.—uu results from ATLAS and CMS

CMS-PAS-BPH-21-006 ; LHCb-CONF-2020-002 ; ATLAS-CONF-2020-049
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A combination of ATLAS, CMS, LHCb results for rare decays B,—uu and B—uu has been

performed;

Branching fraction & (B.—uu) = (2.69%037_;5)x10?
Effective lifetime T(B,—uu) = 1.91+937 ;.. ps

Limit is set for &(B°—uu) < 1.9x1071% at 95% CL

With the latest results, combined measurement is going to move closer to SM prediction

I.Yeletskikh, LHC days 2022, 03-08.10.2022
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B. results from ATLAS and CMS

Study of B,—J/@D, at ATLAS

Relative B/B*

production at ATLAS

B.(2S), B.(2S)* study at CMS
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Observation of BO—(2S)K S+ and B.—W(2S)K .0 decays at CMS
S S S
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Angular analysis of B*

—K*(892)*u*u- at CMS

JHEP 04 (2021) 124
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The first angular analysis of the
B*—=K*(892)*u*u decay Is
performed;

In three bins of the dimuon
invariant mass squared (g%, a 3D
fits are performed,;

The muon forward/backward
asymmetry (Ag) and  K*(892)*
longitudinal  fraction (F,) are
consistent with SM predictions;

Ys Arp 59

10.09-12.86 25.9+6.3
14.18 -19

1-8.68 221481 01470324017 0.60723 +0.13
00951 +0.04 0887519 +0.05

451480 03370 +£0.05 0557013 +0.06

ATLAS earlier performed similar

analysis of BO—»K*u*u-decays

JHEP 10 (2018) 047
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Observation of new bottom-strange baryon =-,(6100) in =~ it*rr channel at CMS

"’
‘
M

-
y

Topologies with different ==, decay channels

Phys. Rev. Lett. 126 (2021) 252003

Candidates / 2 MeV

Candidates / 2 MeV

CMS 140 o' (13 TeV)
- g, = JWE, 5 = JWAK
201~ ( t Data
- — Fit
15:_ — Signal
S | Comb. bkg.
101 ’
Y I
U v AU ..1.1.1...

80 100

CMS 140 fo™' (13 TeV)
¥ t Data g, = Jp'K
20— — Fit
C — Signal
15 :_ Comb. bkg.
100
51
0 20 40 60 80 100

M(E; m* ) — M(E;) - 2mPP8 [MeV]

A narrow resonance =7,(6100) is observed
at a =, invariant mass of:

M = 6100.3 £0.2(stat)£0.1(syst) £0.6(z7,)
Results are consistent between fully

reconstructed channels and partially
reconstructed channel with 2°-Ay

Upper limit is set 1.9MeV on a natural
width of the new state (95% CL)

New state is consistent with orbitally
excited =, baryon with spin/parity of 3/2.

I.Yeletskikh, LHC days 2022, 03-08.10.2022
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Conclusions

Studies of J/Y pair production revealed potential new physics contributions;
« X(6900) and X(7300) are potential exotic 4c candidates;
« Properties of these states along with nature of threshold signals are going to be obtained
from future precise analyses;

« Triple-J/W production is observed at CMS;

« Pentaquark and tetraquark studies in B-hadron decays are ongoing at ATALS featuring
advanced amplitude analysis methods involved...

« Precise measurements of quarkonia production cross-sections is an important input
for various analyses and searches, in particular, those related to B-physics;

« A strong probes of SM come from B-meson decays (rare decays, CP-violating processes);

« Spectroscopy of heavy states: =-,(6100) observation;

« More studies are ongoing using experience we have in pursue of new discoveries;

« In some cases, high-energy pp-collisions provide better potential for quarkonia studies
in comparison to other types of experiments;
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Resonant J/yp pair production observed by LHCb

~ 220 — T 220 —T T _I_, —_—
‘E“ Data o~ 2[)0 Data
% ?gg LHCb _[_ Tu:al i E ]80 LHCb po— 1013] fit
E — — caonance
co 160 s DPS ﬁ 160 e Intcl:furcncc |
,_f:‘l\"j 140 NRSPS E 140 {~ } :;ll[zference BW .
E % 120 .]. ——— NRSPS 0.
]
2 2 L00fA | . D
: = soel) + 3
5] o
= = 060 _],‘I' wy)
L E c
2 QOB e e e _b'.:'n 40 : — %
‘a%n S ‘s 20 2 ct
200 7000 8000 9000 6200 7000 8000 9000 o
Mgy, (MeV/c?) M g 51y MeV/c?) =
N} o
333 Tt IFIL » J/yw pairs production has been studies by LHCDb 5
1sof. LHCD ot near the threshold. Signal of possibly resonant >
160 ; 7 Tk nature observed at m=6.9GeV; e
140 i J[ i * Interference effects potentially play a significant >
120 :I N ! | 'l' _—- m=§+:\RSPS rOIe’ 8

Signal is consistent with 4c tetraquark hypothesis,
further studies are ongoing;

Weighted candidates / (28 MeV/c?)
[ ]

ATLAS plans to study this kinematic region;

Mgy, (MeV/c?) 17



Observation and measurement of J/y + Z production

Eur. Phys. J.C75 (2015) 229

Events / 4 GeV

Events / 4 GeV
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1 5'_ == Template fit -
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10F .
5
——i
O - -

—t— i
70 75 80 85 90 95 100 105110
Z—p* invariant mass [GeV]

Z + non-prompt Jiy ]
=-4= Data i

== Template fit
= = Signal template
== Background template*

70 75 80 85 90 95 100 105110
Z—u*u invariant mass [GeV]
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= B pp — prompt Jiy+Z : pp —» Z ]
— -6 al —=
___9_' 1 0 gp:-alignment uncert. §
- - 523 Total theoretical uncert. _|
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5| 107 I NLO NRQCD CS
S DPS uncert. 3
|ﬁ | [ Estimated DPS contrib. E
® 3 . 1
x 10 1
2 |
> 10°¢
= o
5 £
1 0—1 0L
1 0—11 _I | 1 1 1 1 1 1 [
10 20 30 4050 10
.’ [GeV]
;! 1 0—5 =a T T T T 3
3 ATLAS, (s=8 TeV, 20.3fb ™ E
= _ pp — non-prompt J/y+Z :pp — Z ]
= -6
[ 10°E —4— ~4- oo E
? Q.'_ s +|—!—| Spin-alignment uncert. E
‘-NE U10]’ . DPSuncert. -
vl [ estimated DPS contrib. J
A ___b/ |
x 10%F T
£ E AN ]
7 F 1
= 10°F E
3 3
5 ]
1 0—1 O _ .\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘.\.z‘
1 0-1 1 | 1 1 I 1 | L ]
10 20 30 4050 ,  10°
p." [GeV]

J/Y production associated with vector bosons is
a probe of QCD on the edge between
perturbative and non-perturbative regimes;

J/Y production associated with Z-boson has
been observed with 56 and 90 significance for
prompt and non-prompt J/y candidates,
respectively;

Production ratio (relative to inclusive Z
production) for prompt and non-prompt J/W
are measured to be:

(36.8+6.7+2.5) x 10-7and

(65.84£9.2+4.2) x 10-7 respectively;

SPS and DPS contributions studied; larger SPS
yield is observed compared to predictions...

A lower limit of 5.3 (3.7) mb at 68 (95)%
confidence level is placed on the effective
cross-section regulating double parton
interactions;
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Measurement of J/y + W= production;

JHEP 01 (2020) 095
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J/Y production associated with W-boson has been
studied for prompt and non- prompt J/y;

after the
and muon

The final prompt J/p+W* signal yields
application of the J/Ay acceptance
efficiency weights are:

222 + 37(stat) for the central region;
195 + 33(stat) for the forward region;

The fully corrected inclusive production cross-section
ratio, in which the J/W acceptance and the unknown
J/W spin-alignment are taken into account :
(5.3£0.7£0.8+1.5-0.7 )x10-6

Additional measurements are made by subtracting

the estimated DPS contribution in each rapidity and
printerval from the inclusive cross-section ratio;
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Measurement of J/Y+W= production;
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« Plots show differential cross-sections of J/Ww+W production w.r.t. p; (for different DPS contributions)and Ag

between J/@ and W.
« The measured prompt J/W + W production rates are compared with a theoretical prediction at NLO for

colour-octet prompt production processes;
« Larger SPS yield is observed compared to predictions, which may indicate significant contributions from

SPS color-singlet mechanism.

I.Yeletskikh, LHC days 2022, 03-08.10.2022
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Prompt J/ pair production

do/dAy [pb/0.3]

 J/Y pairs are produces via SPS and DPS
mechanisms;

« The differential cross-section, assuming unpolarised J/y
production, is measured as a function of the transverse
momentum of J/AU meson, di-J/Y pr and mass, the
difference in rapidity between the two J/ mesons, and the
azimuthal angle between the two J/y mesons;

« The effective cross-section of double parton scattering is
measured to be o = 6.311.6(stat)+1.0(syst) mb;
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J/W production cross-sections

J/W pair production mechanisms

ATLAS

ATLAS (/s = 8 TeV, J/4 + J/4, 2016)

DO (/5 = 1.96 TeV, J/1 + J /v, 2014)

D@ (/s = 1.96 TeV, I/ + T, 2016)

LHCb (/3 = 7&8 TeV, T(18) + D%+, 2015)
LHCb (3 =7 TeV, J/¢ + AT, 2012)
LHCb (3 = 7 TeV, J/4 + D}, 2012)
LHCb (/3 = 7 TeV, J/¢ + DT, 2012)
LHCb (/3 = 7 TeV, J/¥ + DY, 2012)
ATLAS (/s = 7 TeV, 4 jets, 2016)

CDF (/3 = 1.8 TeV, 4 jets, 1993)

UA2 (/3 = 630 GeV, 4 jets, 1991)

AFS (/5 = 63 GeV, 4 jets, 1986)

DO (/5 = 1.96 TeV, 2v + 2 jets, 2016)

D@ (/5 = 1.96 TeV, v + 3 jets, 2014)

D@ (s =196 TeV, v + b/c + 2 jets, 2014)
DO (/s = 1.96 TeV, v + 3 jets, 2010)

CDF (/3 = 1.8 TV, v + 3 jets, 1997)
ATLAS (/s = 8 TeV, Z + J /4, 2015)

CMS (/5 =7 TeV, W + 2 jets, 2014)
ATLAS (/5 =7 TeV, W + 2 jets, 2013)

Experiment (energy, final state, year)
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different energies measured by different experiments;
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W(2S) and x.; (3872) studies

Differential cross sections are measured for
the prompt and non-prompt production of
the hidden-charm states x;(3872) and Y(2S),
in the decay mode J/ym+m -.

Fraction of the non-prompt x.;(3872) is
measured to be :

25+13(stat)£2(sys)+5(spin) %

rrrrr ~ distributions are also studied
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Cross-section ratio is measured for prompt and non-prompt production:
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W(2S) and x.; (3872) studies at ATLAS

Measured cross section times
branching fractions as a function
of p; for prompt x.(3872)
compared to NLO NRQCD
predictions with the x.(3872)
modelled as a mixture of x.(2P)
and a D%anti-D'0 molecular state
(left), and non-prompt x.(3872)
compared to the FONLL model
prediction, recalculated using the
measured earlier branching
fraction;
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B. results from ATLAS and CMS
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Study of b-quark fragmentation properties in jets using B*—J/pK*
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Topologies with different =-, decay channels
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