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X(3872) at CMS
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- CMS is a general purpose experiment with a rich physics program in

B-physics both in pp and Heavy lon collisions

- Large detector acceptance for muons |n|<2.4 in a complementary

kinematic region wrt LHCDb
» Very good dimuon resolution
- Highly flexible High Level Trigger system

+ First result of CMS for X(3872) in Run1: reconstructed ~12.000 X(3872)
in J/w( = u u")rTx~ with 4.8 fb-1of 7 TeV pp data collected in 2011

- Studied:

- Non-prompt component vs pr

- Cross section ratio w.r.t. Pp(2S)

- Prompt X(3872) cross section

- Invariant mass distribution of the mirt system

- Results still relevant and compared to more recent publications from
ATLAS (JHEP 01 (2017) 117) and DO (arXiv:2007.13420)
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Non prompt fractlon (fNP)

related to the decay length (Ixy) of the B meson.

Non prompt X(3872) comes from decays of B hadrons N a secondary vertex

- Events with X(3872) from B decays are selected by requiring Ixy > 0.1 mm

X(3872) prompt fraction with Ixy > 0.1 mm is negligible (<0.1%)

- First study of the ptr dependence of fnp

- Measurement dominated by statistics: ~20% stat., 6-10% syst. for each pr interval
- Same study performed by ATLAS and DO with a full fit of the Ixy distribution

Compatible results:

For P(2S) fnp increases as a function of
pt whereas those for X(3872) are
consistent with being independent of pr

fne for X(3872) seems more dependent
on the collision energy than for P(2S5)
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Invarlant mass d|str|but|on of the T system

. Studles at CDF and BeIIe suggested that X(3872) decays N J/L|) and pO
- CMS event sample divided into m(mt*mt-) intervals and X(3872) yields extracted from fits to m(J/P mt+mt)

The spectrum obtained from data is compared to simulations with and without an intermediate p
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The assumption with the p0 gives better agreement with the
data.
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LHCb 9 fb™!
Improvement of this

results is coming just this
year from the study of

LHCb on the on p%-w
interference...
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Confirmation of CDF result

Same agreement found by ATLAS



X(3872) Cross Section Measurements
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» These results are compared with a theoretical prediction, within an S-wave

molecular model, by Artoisenet & Brateen [PhysRevD.81.114018] with
calculations normalized using Tevatron results, modified by the authors to
match the phase-space of the CMS measurement

* The shape is reasonably well described by the theory while the predicted

cross-section is overestimated by over 3 o
+ measurement is not supporting an S-wave molecular interpretation
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X(3872) in PbPDb collisions

X(3872) production yield in QGP can help to
shred light on its internal structure

Molecule are easier to be produced and
destroyed than tetraquark

X(3872) production could be enhanced through

. _ PRL 106 (2011) 212001
the quark coalescence mechanism, which

Ncoal/Nstat
could depend on the spatial configuration . -
- - - = = & o &
(size) of this exotic state > B s
. . . g

Relevant parameter is the ratio of hadron yields % E
calculated in the coalescence model to those @ Tetraquark .= Molecule S

Ncoal % A ““i((3872) .
in the statistical hadronization model =

Nstat

Expected order of magnitude difference!



X(3872) in Pbe W|th CMS

: CI\/IS analyzed 1.7 nb-1 of PbPb collision at  /syy = 5 02 TeV

. X(3872) and Y(2S) with 15 < pX < 50 GeV and |y*| < 1.6 fully
reconstructed in same hadronic decay chain J/y( — u u " )n xn~

Pr1—Pr2

- kept only events with centrality 0-90% Prit Pr2

- A boosted decision tree (BDT) algorithm used to suppress the

combinatorial background AR iy,

- sighal samples are taken from simulation
ARJItp,'m-

- background samples taken from data sidebands of the X(3872) mass /. o
rage

- It uses 5 variables:
- ¥2 of the 4-tracks vertex

. Pt,1 — P12
_ pr balance of the pions n Ly >0 X(3872) vertex y2
| Pt,1 T Pr,2 s
- pT2 of the slow pions Primary vertex

*opening angle between J/P and pr:

- opening angle between J/ and pr;2



] ' - . - PRL 128 (205
First observation of X(3872) in PbPb Collisions

First evidence of X(3872) production in

1.7 nb" (PbPb 5.02 TeV)

= oMS | - heavy ion collisions!
<G> 200F- inelusive X(3872) 13 = Statistical significance 4.2 ¢
S C y(25) : =1
%’ 150 + ++ . _ + + " + + =F A clear P(2S) signal to the same final state is
w Ky P AR ’ + i 10 & also visible
~ 100t 1" ? P .
O + 4-1 . Raw yields (N;,,,) are extracted with a UML fits:
"E' 50 15 <p. <50 GeV/c Oyagr2) = 47 MeV/c® 12 . . _
W F y|<16 Cent. 0-90% 3 13 - 2 Gaussian (from signal MC) for signals

4th-polynomial for background

This In an Inclusive measurement:

- the non-prompt part, coming from b-decays and produced outside of the QGP, is related to the
medium modification b-hadron production in HI collisions (such as beauty quark energy loss &
modification of b-jet fragmentation)

-+ we are interested in the prompt part produced in QGP:

- measurement of the lxy Is used to disentangle the two components .



Corrected prompt X(3872) & l|)(2$) yields

As In the 7 TeV pp analysis a b-enriched <~
sample is create imposing lxy>0.1 mm

b-enriched yield obtained using th
same fit

Simulation are used to estimate the
small prompt contamination in this
sample
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f - N, B—enr - IV Inclusive
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X(3872)/t|)(2$) Ratlo in Pbe
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Indication of R enhancement in PbPb w.r.t. pp

CMS also measured the
strong suppression of P(2S)
In PbPDb collision

X(3872) less suppressed
than P(2S) in PbPb

1.4}
- lyl<1.6

Better precision and accuracy needed to draw conclusions

PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

Cent. 0-100%
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X(3872)/l|)(2$) Ratlo connectlon to pp colllslons

LHCb measurement showed X(3872) IS more suppressed than L|)(28) Ig hlgh multlpI|C|ty oJo coII|S|ons

O 25)
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In pp breakup by coming particle (which suppress X(3872) production) seems to dominate

CMS results suggests on the other side that coalescence with diffusing constituent particles
(which enhances X(3872) production) has an important role in PbPb environment
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For comparisons let’s cite that
Deuteron/proton increases already in pp...

.. While standards in standard quarkonium excited
over ground states production decreases...
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B2 X(3872)¢ Decay

. Addltlonal measurements of b hadron decays mvolvmg X(3872) productlon can prowde |mportant mputs for
understanding its internal structure and creation dynamics.

. CMS looked for the decays B% — X(3872)d and B% — y(2S)d with 140 fb-1 at 1/s=13 TeV

- Event Selection:

- HLT trigger of 2 muons compatible with J/{p coming from a displaced vertex X(3 872) Oor l//(ZS)
plus a track with pt > 1.2 GeV

: BSO: 532 <m(JIwK K n7r7) < 5.42 GeV, pT(Bg) > 10 GeV, [, /Gl > 15

- Track assignment for the Bg — J/yntr~ KK~ candidates:

. 3.60 <m(J/yrnTrn") < 3.95 GeV
- 1.00<m(KTK™) < 1.04 GeV
. 5.32 <m(By) < 5.42 GeV

- If more than one combination passes these selections,
the candidate is discarded.

. pr(K) > 1.5and 2.2 GeV
. pr(m) > 0.7 GeV 18



Candidates / 1.5 MeV

Candidates / 1 MeV

P(2S) signal

CMS
- § Data
e ——
- — (¥(2S), 9)
2000 __ (y(2s), bkg)
[ - (bkg, ¢)
1500 BEEEEEEEE (bkg, bkg)
1000
500 [~
3.60 3.65 370 375
m(Jyrtn) [GeV]
CMS 140 fb' (13 TeV)
- { Data
o000 — Mt
- — (w(29), ¢)
- — - (¥(2S), bkg)
1S00E . (bkg, 9)
BEEEELE (bkg, bkg)
1000
500 —
—— e Tonsan s AT AT R rm e — ez T
1.00 1.01 1.02 1.03 1.04

m(K'K) [GeV]

140 fb' (13 TeV)

The signal yields are extracted using a 2D maximum
likelihood fit to the m(J/P it 1) and m(K K) distributions
of B9 with a 4-components model made of:

P(2S) signal: double Gaussian

® signal: Breit—-Wigner function convolved with
detector mass resolution

background in m(KK): threshold function multiplied
by a 1st polynomial

background in m(J/¢rrt): modified threshold
function

Fitted yield: 15 359 + 171 (25)

14



X(3872) Signal

Candidates / 5 MeV
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Candidates / 2.5 MeV
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‘N(B? — X(3872)¢} €80y (2s) )9

~IN(BY o 1/1(28)4))’E

2 Evaluated i S|mulat|on

- Takes into account detector :
acceptance, trigger, and
candidate reconstruction
efficiencies

. Resulted:1.136 + 0.026

5.32 5.34 5.36 5.38 5.4 5.42

o TwESINSel Estimated using the sPlot
sob i Data technique to subtract the
- e igna contributions from non

----- Background

ool combinations from the
NS 0 I, 8 m(BPs) distribution
532 534 536 588 54 542

m(X(3872)¢) [GeV]
Background-subtracted mass distributions

resonant KKand J/y

R = B(BY — X(3872)¢) B(X(3872) — J/ymttm™)
-~ B(Bg = ¢(25)¢) B(p(25) = J/pmtn)

+ 0.29 (stat) &= 0.17 (syst) ) %.

Source

Uncertainty (%)

m(K*TK™) signal model
m(K*TK™) background model
m(J/pmt ™) signal model
m(J/p ™) background model
Non-B? background

Simulated sample size

Total

<0.1
2.5 Estimated using
53 several alternative
4.3 fit functions
1.2
2.2

7.7

16



B(B, — X(3872)¢) B(X(3872) — J/ymtm™)

Multiplying R by the known BR (B% — {(2S)d) and ({(2S) — J/Pprin):

B(BY — X(3872)¢) B(X(3872) — J/p it ™) = (4.14 £ 0.54 (stat) £ 0.32 (syst) -

-0.46 (B)) x 107°

Comparison of BRs indicates that the X(3872)
formation in B meson decays is different from ¢(2S)

\_

—4- BX(3872) ¢ —
—— B°—X(3872)K*]
—— B’—X(3872)K"

—e— B'-X(3872)K"-

oy
0
)

X
3]
N
N
Z

ol b b b Lo b by Ly
2 4 6 8 10 12 14 16
X xB(X(3872)—>Jyrtn-), 107°

It has been shown in [Phys.Rev.D 102 (2020) 3, 034017] that

this pattern can emerge from B decays in the compact

tetraquark picture of the X(3872), where it belongs to
complex of four-quark bound states:

Xu=[cul[cit] , Xa=[cd][Ed] and X= = [cu][ed], [cd][ci]

Tetraquark formed creating
light quark pair from the sea

d

17
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- After many years from its discovery the X(3872)
remains “exotic”

It’s exact nature is still not univocally determined -

many models are proposed and profit from the increasing number of
experimental results

- CMS has greatly contributed in this experimental effort
First measurement of the non-prompt component dependence on pr

First evidence of the X(3872) in Heavy lons collisions
First observation of the decay B(S)—> X(3872)p

+ The start of LHC Run3 will open the possibilities for additional studies

18
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The X(3872)

o™ S B D Iy DR e R P Ry e e R o A G R e & e R R B PR o e e o B e & oans g o

, . . DD threshold

Discovered by Belle (PRL 91, 262001 2003) in 2003 in the T / 000
_ = E e Breit- Wigner { ©~ 3 % Incl. resolution and background -
decay: B —» K X(3872) - K (J/l//]l'+71' ) S A0 e ﬁ 1 2 0005 o Brei Wigner o
o PVE 3 S 6000F — Flatté LHCD :
[ % 300 1 5 <ok :
First “exotic” states: narrow peak with a mass strikingly on 2|2 »swf D /\ é
~ %k . . . =j = 3 - =
the DD ™ threshold and incompatible with the standard ; 1% 00k :
charmonium expected value i 2000 E
: _ 1000 £ E
Quickly confirmed in protons collision at Tevatron and at LHC 0= T BT e S Uy R R
M Jpp et o |GeV] A (GeV]

JPC — 1++

In 2013 LHCb measured the guantum numbers: L HCb: arXiv:2005.13419 (2020)

Nowadays still open the debate on X(3872) nature: LHCb

* Simulated J"= Simulated J" =1

A compact (~1fm) diguark-anti-diquark 4q state

DO

DD hadron molecule (loosely bound ~10 fm)

Number of experiments / bin

Quantum mixture of an hadron molecule and

-200 -100 0 100 200

:  alaall — 3 t= -2 In[ L(2*Y/L(1T) ]
a charmonium state: D¥D " + cc 2°P "
Ze1 (2P )] L HCb: PRL 110 (2013) 222001




