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X(3872) (Belle)--2003
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2017 Laureates “...The X(3872) was discovered by Dr. Sookyung Choi and

Dr. Stephen Olsen with their colleagues in the Belle

experiment among the final states of the decay of B mesons.

The X(3872) was confirmed by seven other experimental

groups thereafter and 1s the first example of a new type of
XYZ meson and the most well-established state among them.

29

HERFFHRTREFER, BT EIEZRTE

2017 Korean Ho-Am Science Prize 3




Hints before the discovery of X(3872)—»>J/yrn*n

CDF internal, 1994

Dec 1994 ; : )‘(z/ndf31‘40 / 21 ............ E705, PRD 50, 4258 (1994)

L i A T P -tosaE 3"’5?322; ~ E705 saw w(3836) (2-)in 1994, 3.836 +0.013 GeV
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" T s own motivation: background to :
* ? sox owea ] Jhy K test factorization... 5.8 9 {*l-r-r‘dn'} Gef,.;}‘cl

- | etz Mass=3866 £6 CDF saw a hint in 1994, unpublished
" (- BaBar saw a hint in 2003, unpublished
o | ’ (3836)
’ ;{{ (\ Both CDF and Babar spotted hints of
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losttsH ¥ %Jﬂf\ ', X(3872) before its discovery!
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X(3872) at CMS--2010
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The first LHC experiment re-discovered X(3872), CMS PAS BPH-10-018
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Fit:

Unbinned maximum likelihood fit.
J/y mass fixed to the PDG value.

Fit results:

(2S) Voigtian:

M = 3685.90 + 0.02 MeV
c =3.2+0.1 MeV

y =0.00283 + 0.00005
N= 72594 + 518

X(3872) Gaussian:
M =3871.5+ 0.5 MeV
6 =6.1+0.4 MeV
N=5303 + 341

Chebychev Polynomial:
c1=0.321 + 0.002
€2 =-0.091 £ 0.002

X&/ndf = 0.99
PDG mass values:

P(2S) = 3686.09 + 0.04 MeV
X(3872) = 3871.57 + 0.25 MeV

X(3872) at CMS--2011
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X(3872) at CMS--2013
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Figure 3. Ratios of the X(3872) and v(2S) cross sections times branching fractions, without
(Rgducial, left) and with (R, right) acceptance corrections for the muon and pion pairs, as a function

of pr. The inner error bars indicate the statistical uncertainty and the outer error bars represent

the total uncertainty. The data points are placed at the centre of each pr bin.
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Detailed measurements, JHEP 04 (2013) 154
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X(3872) at CMS--2020
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The Story of Y(4140)—CDF(2009-10)

CDF—PRL102:242002 (2009) Mod.Phys.Lett. A32 (2017) no.26, 1750139
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X(4140) (renamed), mass-4.14 GeV, width—15 MeV
This is the first unexpected particle discovered by Tevatron!

Possible second state: mass—4.27 GeV, width—30 MeV
Experienced a long road for confirmation!



Result from CMS (2011-2014)
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» significance greater than 5o, confirms the existence of Y(4140)
for the first time from another experiment

» evidence for a second structure in the same mass spectrum
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Y(4140) @ DO (2013-2015)

PRD 89, 012004 (2014)
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DO provides 2" independent confirmation of Y(4140) (3.10)

Later DO confirmed the Y(4140) using the inclusive channel (50)
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Candidates / 4 MeV

Candidates /4 MeV

v

Y(4140) @LHCb--from 0 to 10+o

Phys. Rev. D85 (2012) 091103 PRL 118 (2017) no.2, 022003
°F LHCb ’ ’ %
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LHCb data evolved unexpectedly ar.X|v:.21.O(?.OI1 ?O?V.1 I[h.ep.-e?(] .

0—-10+0 with amplitude analysis
Width much wider than others

need extraordinary scrutiny
CMS/Belle I1/? confirm using same PWA?

No charge, no isospin, heavy,”"narrow”?...




Candidates / 5 MeV

X(5568) @CMS

PRL 120 (2018), 202005
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» CMS could not confirm X(5568)
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Something interesting in CMS data

Combined Result
2011+2012 _ 2012 « Do a simultaneous fit to

E E sof both channels, with fixed
3 50 T asf signal shapes but floating
P PR mass value.
g % 5 F
é 30 g Z: * Bestmass: 18.4 = 0.1
© O Tk (stat.) = 0.2 (syst.) GeV
20 15:
0 o8 + Local Significance: 4.86c
5_ (p_value = 5.8x1077)
= 2 = 0
E b ; Wl {
Ffi #**M *4*#; MWW“W ot H#h} Hbfhygt s “ iy o
-2f
AT 20 24 416 18 20 22 24
m(u. wutw) [GeV] miu*wete’) [GeV]

* In order to calculate global significance, Look-Elsewhere-Effect must be taken into account. Lots of toy
MC generations are required, not an efficient method.

 Global significance is calculated using Gross-Vitells method which is used in Higgs discovery.
EurPhys J . C70:525-530,2010

» The returned global significance was 3.60.

Taken from: http://meetings.aps.orq/Meeting/APR18/Session/U09.6
How about the full run Il data and future data?
If true, can be a breakthrough in QCD, or even something more exciting
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Dimuon result from CMS  arxiv:1808.01890 [hep-ex]
accepted by JHEP
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An exploration in the low mass region at LHC 15



Candidates /0.2 GeV

Pull

What is going on?
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 Controversial so far
« 2017&2018 data to be analyzed
 Run lll data to be collected

e Do not know how CMS data evolves
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X(6900)
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X(3872) @CMS PbPb

arXiv:2102.13048v1 [hep-ex]

1.7 nb™ (PbPb 5.02 TeV)

1.7 nb”" (PbPb 5.02 TeV) 18
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Large R is observed in PbPb data; prompt dominate

X(6900) @PbPb? arXiv:2009.10319 [hep-ph]

CMS is the best place to look for:
vs ALICE/ATLAS/LHCb, BNL experiments
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X(3872) @CMS PbPb

Nuclear Physics Volume 1005, January 2021, 121781
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 Large R is observed in PbPb data

. X(6900) @PbPb? arXiv:2009.10319 [hep-ph]

« CMS is the best place to look for:
vs ALICE/ATLAS/LHCb, BNL experiments
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