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Observation of simultaneous production of 3
J/WY mesons in pp collisions

CRS CMS Experiment at the LHC, CERN
: Data recorded: 2017-Oct-18 16:07:04:866439 GMT

] Run/Event/LS: 305237 / 1277785997 / 682
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Motivation

-> The triple-parton scattering process has only been proposed recently for study at the LHCJlink].

=>»  Searched for the very rare process of three J/yp particles being produced in a single p-p
collision

€ Such a process has never been observed before!

€ It provides an alternative way to estimate the effective transverse distance among the
interacting constituents inside the proton.

=> Many of the features between individual partons, are very difficult to calculate
theoretically[link].

=>» Measurements of such processes allow for a deeper understanding of the proton
structure.

=> Besides, also of relevance at the LHC to predict backgrounds in rare Standard Model
processes, and in searches for New Physics[link1,link2].
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.122001
https://www.worldscientific.com/worldscibooks/10.1142/10646#t=aboutBook
https://www.sciencedirect.com/science/article/pii/S0370269319305210?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269320303828?via%3Dihub

O i DPS effective cross section

In the simplest approach][link], ignoring any correlations between the individual partons

pp—¢+X pp—>¢z+X

oPP Y1 P2 +X (E) O5ps Isps
DPS o
2 Oeff DPS
O pps IS an effective cross section that, in a purely geometric approach, can be determined from the pp

transverse overlap.
e actually, in PYTHIA8 and HERWIG++ ~~20-30 mb
e from processes involving pairs of high-pT jets and/or EW bosons ~~10-20 mb
e from measurements of quarkonium pair production ~~3-10 mb

The study of TPS via triple-J/y production can help

pPp—=¢1+X _pp—=P,+X pp—P3+X
PP 3 +X <E) U5ps U5ps U5ps O tps™ K Ot pps
TPS 3! 0—2
: eff, TPS

From HELAC-ONIA[link], in the production of three prompt-J/p the pure SPS contributions are negligible
compared to those from DPS and TPS. Golden Channel.
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https://www.sciencedirect.com/science/article/pii/S0010465515003495?via%3Dihub

Inclusive triple-J/yp production via n-parton scatterings (NPS)

Pure prompt production: Nonprompt contributions:
P%ﬁ p=C %
/e /Y
b= J/y
. 3 2pln
SPS: Ogps  fossasasa, I/ Odps

Observation of triple J/y meson production Jhovanny Andres Mejia Guisao ICHEP2022



Selection and fit

Trigger: J/y—p+p— candidate plus an additional muon Defined to maximize the signal purity and
pT>3.5 GeV for |n|<1.2 (barrel) the detector acceptance and efficiency.
pT>2.5 GeV for 1.2<|n|<2.4 (endcap)
> 6 muons pr > 3.5GeV for || < 1.2

For all
> Dimuon invariant mass between 2.9 and 3.3 GeV o afh muons pr >25GeV for1.2 < |n| <24

o muons in pair must have opposite charge
o no muon is shared between 2 J/y candidates

pr > 6GeV and |y| < 2.4

For all ]/ mesons 2.9 < iy, < 3.3GeV

L oM BRIV oM mlgTeyjoMs  ibi09Tey
: Z tom : : Pl . i fme 7 Yield is extracted using a 3D unbinned
2 syayaysga 12 g0 SR R § wawuvswa 3 extended maximum likelihood fit:
i o 3 o i o ->  Signal: Gaussian with resolution
] . i 5 fixed from MC.
% % % >  Background: exponential
1 i ae
) o (Reiigim=t=  Signal yield 5.0 £ 2.0 events
m,, s [GeV]
Ordered (left to right) by decreasing pair pT Significance exceeding 50
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Cross section calculation and systematic uncertainties

3J/ Y
c(pp — J/9J/YJ/pX) = /(€LineB)y 1)
J/p—p

Signal yield 5.0 + 2.0 events Source . Relat1ve uncertainty
]/ meson signal shape 0.8%
L total integrated luminosity 133 fb-1 Dimuon continuum background shape 3.4%
Muon reconstruction and identification 1.0%
€ total efficiency coming from: Trigger efficiency 3.4%
1) trigger 0.84% (MC) MC sample size 3.0%
2) Reconstruction*muoniD Integrated luminosity 1.6%
0.78% (data driven[link]) Dimuon branching fraction 1.7%
Total 6.2%

Dimuon branching fraction:
B3(J/y—pp) = (5.961% £ 0.033%)*

oc(pp — J/¢)/¢)/p X) = 272‘?3_11 (stat) == 17 (syst) fb

The total uncertainty is dominated by the statistical term
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https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06015

Prompt and nonprompt J/¢ mesons

A classification of prompt and non-prompt events is
attempted. Prompt J/y mesons are defined as those
having J/y proper decay length below 60 pm.

e 2events 2np+1p

e 2event3np
e 1event3p

R
L

R

Some kinematic properties of the J/y candidates

Event m/¥1(GeV) ml/¥2(GeV) ml/¥3(GeV) L[V¥1 (mm) L[V/¥2 (mm) LV/¥3 (mm)

1 3.08 3.10 3.07 197 0.24 —0.01 |

2 3.15 3.06 3.09 0.05 0.36 0.02
| 3 3.10 3.14 3.11 —0.04 0.03 0.05 |
[ 4 3.07 3.03 3.09 0.48 0.81 0.82 |
['5 3.12 3.14 3.14 —0.25 0.13 —0.02 |
6 3.06 3.17 2.94 0.11 0.38 0.61
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Discussion

> Cross section to produce two charmonium mesons in a DPS can be written as

pp—P1+X _pp—hr+X ,
ppP—Y1 P2 +X _ (E) Isps Isps where m=1 for y,=y, , and m=2 if y_#y,

0,
DE2 2 Ueff,DPS
> Similar for TPS

pp—y+X _pp—i+X pp—ys+X  where m=1,3,6 depending on whether all

‘7%55 IS ey <§> 2l oLy 2FS three, two, or none of the y. states are identical

2
Ueft TPS

> Theoretical total triple-J/p cross section expected to correspond to the sum of the contributions from SPS, DPS,
and TPS processes: 3)/ 3/ 3/ 3)/
Utotlp = Usps¢ 0] DPg) + UTP‘;P
- 3p 2plnp 1p2np 3np
= (‘75Ps T 0Osps ~ +0gps ~ + USPS)

3p 2plnp 1p2np 3np 3p 2plnp 1p2np 3np
e (UDPS +0pps T 0pps 1+ 0pps | + (Opps + Opps ~ + Oppg -~ + Oppg

> With the DPS and TPS triple-J/p cross sections derivable from the single- and double-J/y SPS cross

sections: 2p _1p 2p _Inp 1p _lplnp Iplnp 1np Ip 2np 2np _1Inp
3y ™ (USPSU sps 1 TspsPsps T spsUsps 1 Osps - Ysps T OspsUsps t+ Tgps Osps
Upps = ’
Ueff, DPS
3 3 2 2
1p Inp 1p Inp 1p Inp
W m3 <<‘75Ps) + (USPS) ) +my ((‘TSPS) Osps 1 Osps ( 9sps
Orps = 2 ’
Tetf,TPS
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Discussion

-> Using 8 theoretical SPS cross sections from HELACONIA(LO,NLO*)+data,PYTHIA8, and G5@NLO+PYTHIAS:

SPS single-J/ip production SPS double-J/i production SPS triple-J /i production
HO(DATA) MGS5NLO+PY8 | HO(NLO*) HO(LO)+PY8 MGSNLO+PY8 | HO(LO) HO(LO)+PY8 HO(LO)+PY8 MGS5NLO+PY8
Tahs Tars 03 Oas * 05s Oahs o3hs O Oars
570£57nb  600130nb | 4075 pb 2475 fb 430", pb | <5ab 52735 14%Y ab 12+4fb

->  Nonprompt cross sections scaled to NNLO (x1.15). Theoretical uncertainties dominated by scale (then PDF).
>  Using the sum equation of previous slide, assuming 0 ;o = (0.82 £ 0.11) O ¢ ;¢ [link], the DPS effective cross
section can be extracted requiring that total triple-J/y cross-section matches the measured value:
Process: 3 prompt 2 prompt+1nonprompt 1 prompt+2nonprompt 3nonprompt Total

o () < 0.005 5.7 0.014 12
N 0.0 0.10 0.0 0.22 0.32
o () 84 8.9 90 95 202
N 0.15 0.16 1.65 1.75 3.7
ol () 6.1 19.4 20.4 7.2 53
Nyt 0.11 0.36 0.38 0.13 1.0
oI (fb) 15 34 110 114 272
NI 0.3 0.6 2.0 2.1 5.0

tot
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.122001

Discussion

is found to be o

=> Derived o off DPS

eff,DPS

= 2.7 (exp) *'°-  (theo) mb

-> The expected contributions from SPS, DPS, TPS processes amount to about:

e SPS: 6%, DPS: 74%, TPS: 20%

e Confirming that triple-J/y is an excellent process to study DPS/TPS

Derived o . . Value is consistent with the world-data
of effective DPS cross sections obtained previously

from diquarkonium production measurements:

Geff,DPs~~3'1 0 mb

but not consistent with extractions from processes with jets,
photons, and W bosons:

O'eff,DPS~~1 0-20 mb
Speculative educated guesses: it is because
quarkonia are produced mostly in gluon-gluon
scatterings, whereas mostly quarks intervene in the
production of EW bosons.
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Summary

First observation of triple J/y meson production

First experimental study of the simultaneous production of

three particles in n-parton scatterings

o(pp — J/9)/¢)/p X) = 2721 12) (stat) & 17 (syst) fb

Extraction of o ¢ = 27114 (exp) *'°-, (theo) mb
Novel input for further theoretical and
experimental progress in understanding the
n-parton scatterings dynamics.

Important step in a half-a-century old quest
towards understanding the proton structure.
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Event display

CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-18 16:07:04.866439 GMT

Run / Event / LS: 305237 / 1277785997 / 682 .
Event display of a

proton-proton collision
with 6 muons (red
lines) produced in the
decays of 3 different
J/y mesons, as
observed in the CMS
detector.

Physics Briefing
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https://cms.cern/news/trio-jps-particles-one-go

Kinematic properties of the J/@y candidates

Event m/%!(GeV) m/¥?(GeV) m/¥3(Gev) LV/¥! (mm) D¥2 (mm) L[J#3 (mm)

1 3.08 3.10 3.07 1.77 0.24 —0.01
2 3.15 3.06 3.09 0.05 0.36 0.02
3 3.10 3.14 3.11 —0.04 0.03 0.05 Dimuon invariant mass, proper
4 3.07 3.03 3.09 0.48 0.81 0.82
5 3.12 3.14 3.14 ~0.25 0.13 —0.02 decay-length, transverse
6 3.06 3.17 2.94 0.11 0.38 0.61 momentum, rapidity, and
o o . o , s azimuthal angle of each of the
Event py™ (GeV) pr”(GeV) pr”(GeV) ¥ P 1 three J/y candidates measured
1 17.64 17.50 8.68 —2.25 —0.39 1.53 in the six triple-J/y events
2 91.50 54.04 11.81 1.99 0.81 —0.71 passing our selection criteria.
3 11.29 10.29 6.98 —0.50 —0.37 —1.64
4 15.46 10.61 7.84 —0.83 —2.24 -1.78
5 8.67 7.71 6.75 2.03 ~1.14 —1.87
6 60.70 19.09 17.03 1.59 2.29 1.58
Event 4)]/¢/1 4)]/‘/’/2 ¢]/¢/3
1 ~1.98 2.06 -1.56
2 2.60 —2.14 —-0.38
3 —0.87 ~1.50 0.66
4 1.00 —2.07 —-1.77
5 -1.77 1.99 291
6 ~1.98 —1.74 —2.17
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CMS experiment

2016, 41.6 fb !

oMs —amon CMS has accumulated ~5 fb' at 7 TeV, ~20 fb™' at
' A | 8TeV, and ~160 fb' at 13 TeV of data for physics
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Excellent detector for quarkonium physics
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