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The first observation of the threféy) meson production in proton-proton collisions at a center-of-mass eneigy/IefV in final states with

threep ™~ pairs is reported. The analysis is based on a data sample recorded by the CMS experiment at the CERN LHC corresponding to
an integrated luminosity af33 fb~'. Thepp — J/Ab J/ J/p X process is observed with a significance in excess of five standard deviations.

The fiducial cross section for this process is found tebgp — J/ib J/ib /b X) = 2721185 (stat) + 17(syst) fb. The result is compared to
theoretical expectations for the production of thige mesons in single (SPS), double- (DPS), and triple- (TPS) parton scattering processes.
Under the most economical assumption of factorization of multiple hard scattering probabilities in terms of SPS cross sections, the measurec
final state is found to be dominated by DPS and TPS contributions. A value of the associated DPS effective cross section parameter of

Oet,pPs = 2.77175(exp) T} 2 (theo) mb, related to the transverse distribution of partons in the proton, is derived.
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1. Introduction as:
pp—J/¥1 I /b2 I b3 +X (ﬁ)
o7pPs —\3
Thanks to the remarkable performance of the Large Hadron )
Collider (LHC) at CERN, a large dataset of proton-proton gRR GNP [Vt X P [t X )
collisions was made available to all experiments, making the 0% 1ps (2

search of rare processes and decay modes possible [1_5\/J
. . here m
Such rare processes are the simultaneous production of vags-
ous patrticles in multlple hard scattenn_g_s which can be use oot b With /5 — 0.82 4 0.1 [27]. This analysis offers a
to probe the generalised parton densities of the proton [6], ’ . ) . .
: . ery clean experimental signature for triplg# production,
determine the unknown energy evolution of the proton par- : :
) ) L including prompt and nonpromgl/s) mesons, with all the
ton profile as a function of the collision impact parameter L2 ; L
; o . combinations displayed in Fig. 1.
(b), and study the role of partonic correlations in the hadronic . . .
The analysis requires six muons to be reconstructed by

wave functions. o . o
combining information from the silicon tracker and the muon
Ignoring parton correlations, the probability to producesystem. They are required to hawe > 3.5 GeV for
two or three particles in double- (DPS) and triple- (TPS)|;| < 1.2 (barrel) andpr > 2.5 GeV for 1.2 < || < 2.4
parton scatterings is proportional to the square and cube gendcap). Muons must be oppositely charged, have a dimuon
the corresponding single-parton-scattering (SPS) probabilinvariant mass between 2.8 aB@5 GeV, and have to orig-
ties [8]. The cross section to produce two particlesaindy>  jnate from a common vertex with a probability greater than

= 1 and the effective cross sectiofn.g tps
closely related to its DPS counterpart \iag rps =

in a DPS can be written as 0.5%. The total luminosity collected with thEvy+p trig-
ger used, amounts 33 fb~!. Monte Carlo simulations
—P1+X —a+X H . -
oo ek X _ (T oBPS Y1 oRBY? ) are used.to determine thEvy acceptance qnd trigger effi
DPS ~\3 o DPS ) ciency. Simulated events are generated using HELAGAO

(v.2.6.6) [28,29] and®YTHIA 8 (v2.05) for the hadroniza-

. . . . tion and decay.

yvhere,m is a combinatorial fact.or to avoid double count- After applying the selection criteria discussed above, six
ing the Same process; = 1,(2) i w,l = 2 (1 # ¢2)’“ triple-J/i) events are observed. The signal is extracted with
and o pps IS the effective interaction area known as “ef- 5 a0 gimensional unbinned extended maximum likelihood
fective cross section” [8]. Interestingly, using different final fit, in the three dimuon invariant mass,+ .- [1,2,3]. The

states, thereg,pps IS found to beoer.pps ~ 3 — 10 mb  yariveq signal components are shown by the shaded areas in
from JypJ/4 [9-13], J/Y T [14], andY'Y [15,16] studies, and gy 5 e extracted signal yield corresponds\ iﬂ” -

Oefi DPs A 15mb from final states involving pairs of highr 5.0725 triple-J/» events. The statistical significance of the
jets and/or electroweak bosons [17-24]. signa'I is evaluated to be greater tHan,

Using the dataset collected in Run-2 with the CMS detec- For the prompt and nonprompt Separation of t]'/{&

tor [25], the tripled/y production is studied [26]. The equiv- mesons the proper decay length variable is used, defined as
alent of the equation above for this process can be writter, /4 — (m/pi}/w) Ly whereL,, = (T%pfr‘]/w)/\pgf/wI is
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FIGURE 1. Leading-order diagrams for tripl&4) production inpp collisions via SPS (upper), DPS (middle), and TPS (lower) processes.
The leftmost diagrams show the triple pronjgt: processes. The remaining diagrams show (left to right) final states with increasing
contributions of nonprompi/y’s from B meson decays. The symb@i§’§‘§" identify the numberi(andj) of prompt (p) and nonprompt
(np) contributions to the cross section of each diagram.
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FIGURE 2. Invariant mass distributions for the thré& muon pairs, ordered (left to right) by increasing transverse momentum pfthe
system. In each panel, the data are represented by the points, with the vertical bars showing the statistical uncertainties, and the solid curve
the overall fit to the data. The shaded region corresponds to the fitted signal yield.

the transverse distance between fi¢ vertex and the PV  extracted signal events};,,; the total integrated luminosity,
(rt is the transverse vector pointing along both vertices), andnde = e, €id €reco the total efficiency composed of trig-

m andp%/“’ are the world-averag#» mass [30] and candi- ger, reconstruction, and identification components. System-
date transverse momentum, respectively. The five measuredic uncertainties include the signal and background mod-
triple-J/4) signal events can be classified as two events beelling, the detector's muon reconstruction and trigger effi-

ing consistent with “2 nonprompt 1 promptJ/”, plus one
event each with either “1 nonprompt 2 promptJ/)”, “
nonpromptJ/”, or “3 prompt J/1)" respectively.

The fiducial cross section for tripl®4) produc-

tion, is obtained viac(pp — JWIJWIHX) =
N (€ Ling Bt )s where N2 is the number of

ciency and luminosity measurement uncertainty, the size of
the MC sample used for the efficiency studies andiie—

w ™ branching fraction uncertainty. The total systematic
uncertainty is6.2% and the fiducial tripleJ/) cross section

o(pp — JpJppIjp X) = 2721151 (stat) & 17(syst) fh.
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FIGURE 3. a) Comparison of the effective DPS cross sectionspps extracted in this work a) (data point in both panels) to the same

parameter derived in measurements of double-quarkonium and electroweak boson plus quarkonium production alone, b) as well as also i

final states with jetsy+ jets, W+jets,

and same-sigi bosons.

The total tripled/i) cross section is expected to corre- with combinatorial prefactorsy; = 2/2 = 1,mq = 3/3! =
spond to the sum of the contributions from the SPS, DPS, antl/2, andmg = 1/3! = 1/6. Therefore, from the eight in-
TPS processes schematically shown in Fig. 1, each of whicHividual SPS cross sections for single-, double-, and triple-
contains various combinations of prompt (p) and nonprompfl/s) cross sections one can determine the totd}:3-pro-

(np) J/3 contributions,

3 3J/¢

33/
Otot = Ogpg T

Oppg t

2plnp
(USPS +0gps Tt

2p1
+ (UDPS +UDpPSnp +to

2plnp
+ (UTPS +torpg T

33/
01ps

1p2np
Osps T

3np
USPS)

3np
UDPS)

3 np
C’TPS) :

1p2np
pps T

1p2np
orps +

®3)

The DPS and TPS contributions to tripl@$ production
(last row of Eq. (3)) can be written through Egs. (1) and (2)of three J/y mesons in pp collisions is reported.

as a combination of products of
cross sections as follows,

single- and doubl¢-SPS

33/ 33\ 1np
O dps+ps— 10 (Udps =my | 03ps0shs + 03Rso5PY
lplnp lplnp _1np 2np
+05Dgogha + oghg P oGl + 0gheoanh

2np
+ SPSUSPS> /Oett,DPS,

3J/p
Otps

1p 12 _1np
+ma <[JSPS] USPS+USPS{

= ma [o3s]” + o435

2
Uérfl%] >/0§H,TPSa 4)

duction cross section via Egs. (3) and (4). Obtaining val-
ues of the SPS single, double and triple promipt-and
nonprompt cross sections and using the Eqg. (4) the value
ot pPs = 2.77175(exp) T1 70 (theo) mb is derived.

In Fig. 3, theoes ppg value extracted in this work is com-
pared to the world-data of effective DPS cross sections de-
rived from double-quarkonium and electroweak boson plus
quarkonium production measurements (top), as well as also
from processes with jets, photons, and W bosons (bottom).

The first observation of the concurrent production

The fiducial triple J/4 cross section is measured to
be o(pp JWIIX) = 2724 i (stat) +
17(syst) fb and the DPS effective cross sectiog: pps =

2.7 14 (exp) T1 2 (theo) mb is derived.

—
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