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The CMS Detector

Muon System

» CMS is a general purpose detector optimized for high-pT
physics with a great B-physics potential

> Collected 5.2 fb™ at 7 TeV and 20.1 fb™ at 8 TeV from 2010
to 2013
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The X(3872)

> First exotic states discovered by Belle in 2003 in the decay B— KX(3872) = K(J/y n*n")

3 B — KX(3872
B — K*X(3872) | R X(3872)
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X(3872) sits on D’D" threshold
and is narrow:

T, <23MeV@ 90% C.L.
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2 Quickly confirmed by CDF and DO with inclusive pp collisions
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Nature of the X(3872)

After more than 10 years no definitive answer on the nature of the X(3872). Main hypothesis are:
— Meson molecule
2 Loosely bound molecular state: suggested by close proximity to D°D™ threshold
2 mass value is crucial but not enough experimental sensitivity so far

2 molecular states is compatible with )= 0,1

P Tetraquark

Tetraquark

» BaBar (2005) searched for a charged partner state X* = J/y p* —=J/y (n n %)
suggested by the 4-quark interpretation = no charged equivalent (D” D ) observed!

44

2 favored assignment would be 17¢=1 a

» Conventional charmonium : assighments would be Xa (23’:1’) or Me (1102)

: PC_ . ++ -+
Mesons 2 quantum numbers would be respectivelyJ =1 or 2

— . . . . taking into account kinematical suppression
» CC— p J/ll) maX|ma“y V|olates ISOSpIn it is still strong ~25% [Suzuki], while usual sizes

of isospin symmetry breaking is at most a few %
@ » somehow ruled out by the fact that
should be a pure isoscalar state;,

X(3872) shows an equal amount BR (X — J/wnr s WD) 7 |

of isospin components (I=0 & I=1): BR (X N J/wﬂrﬂ_ - 08i03>

==
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Actual experimental status

2 LHCb made a sophisticated angular analysis [PRL 110 (2013) 222001] of the whole BT — X (3872)(— J/yntn )K™
++
decay chain and unambiguously determine the quantum numbers to be 17=1

LHCb

2 LHCb presented [LHCh-PAPER-2015-015] @ re-analysis dropping the assumption
of lowest possible orbital angular momentum (L) in the X(3872) sub-decay.

o Shsstes /3" St itated S50

»)7C=1" again confirmed under more general hypothesis

» D-wave fraction in the decay p.J /v for JP°=1"" results to be consistent with 0

2 No hints for a large size of X(3872) R w

te 2 UZYU™ )

2 Pure molecular model is also not supported by recent measurement by LHCb [NPB 886 (2014) 665] of
the radiative decay X (3872) — 1(25)y

&0

o X(3872)->w(2S)y

: 11 41(', 1.

. (2009)

Barnes et al.(2005), Li et al.(2009)
o o I Prediction for pure CC state
BX(3872) — W(2S)Y) _ 5 46 4+ 0644 020] 1

B(X(3872) — Jpy) Pad Prediction for admixture of CC + D D*°

0 27 Eichten et al.(2006), Badalin et al.(2012)
Prediction for pure D D** molecule | J

0 ) 2 3 4 S 6 7

Ry =

P Alternatively to the tetraquark option the X(3872) may have a significative x.1(2°Pi++) component
[see Karliner&Rosner, PRD91 (2015) 014014]: mixed wave function D’ D*® + cz[x.1 (2°Py++ )]
-]
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X(3872) at CMS

JHEP 04 (2013) 154

2 CMS can easily reconstruct the X(3872)
in the decay channel J/P(=>pp) T

> With 4.8 fb™" of data at 7 TeV
reconstructed about 12.000 X(3872)
signal events

? CMS studied:
2 Cross section ratio w.r.t. Y(25)
P Non-prompt component vs pr
2 Prompt X(3872) cross section

2 Invariant mass distribution of the
TUT system
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Signal reconstruction:

. ® 2 pwith pr>4GeV coming from J/{ in the central region of

the detector (|y(u* w)| < 1.25).

e combination of these four tracks with constraint on

common vertex.

e selection on common vertex probability, angular distance




Cross Section Ratio Measurement

2 A ratio of the cross section have been measured, to cancel out many systematic sources

2 Given the unknown production mechanism of the X(3872) a result without acceptance corrections in
a fiducial region is given ...

:‘ 0‘“‘ ---------- ‘-., .‘- g 012' CMS Vs = 7 Tov ]
_ o(pp — X(3872) + anything) - B(X(3872) — J/ym* ) _ Nx (3873 - Ay (2s) E $(29) § o 011 |L|= ‘132"" :
o(pp — ¥(25) +anything) - B((25) — J/prrtn~) i Ny(s) {‘x 3872) 1'3X(3872), 0.1 e
R = 0.0656 £ 0.0029 (stat.) = 0.0065 (syst.) T 4 0.09; 3
0. 12 [ mr e . E 1
o e CMS \5 =7 TeV - : 2 0.081 f
0.1 L=agMh’ | | Acceptance estimated 0075 T ' | E
. ; <12 - ' - assuming X(3872) and R ' '
& i ]\c{.[[eldsjf/rqc:erUML {)(2S) are unpolarized and 0.061- — 1 3
[ " ITon TUTU PC — 1+t [ 3
0'09:: mass spectrum ; ! X(387?) ! °'°5§‘ “
0.08; I | : 004620
0.07:" L. . P (JI\y‘gt_ __7_:_3 [GeV]
0.06 ) I DU S ' : - : Nx 3872§ Ey( 25)
: t ; EfflClency correction from Rfiducial = N
0.05; [Lsmulatlon and cross checks on data 1/)(25) (3872).:
t _ ';......-’
Cadnindninandiiiain i | D ..
0'010 20 30 ,40 S0
p.(Jy n* ) [GeV] Rfiducial = 0.0694 + 0.0029 (stat.) + 0.0036 (syst.)

P The main systematic uncertainty arises from the limited knowledge of the X(3872) transverse momentum.
The uncertainty for each p, interval is: ~ 10% stat. and 5-13% syst.

» The ratio shows no significant dependence on the p, of the J/{ r*r system



Non prompt fraction

2 The X(3872) can be produced from decays of B hadrons in a secondary vertex related to the decay
length (lxy) of the B meson.

>
- I
§ 1500 P = 52 70%

> Events with X(3872) from B decays are selected by requiring Iy > 100 pm  [Swefes - 1 o

2 X(3872) prompt fraction with Iy, > 100 um is negligible (<0.1%) g{m b S )
? e 18« p, « 30 G .'A‘.':‘. ',\-,

b
N

w0 by > 100 pm

nonprompt fraction = Nr. of X(3872) from B T L
Nr. of X(3872) Diveritey,
g”x' Pt = 61 W74 )
c T T T T — T A + o 250)0 Ni f :;;:'
'9 r CMS Vs - 7 TeV -1 :5 ."'. -'-’\.."'. 4 ?’u
6 05— L=4810" 1 g‘gx 5y 1-‘ Maae aeme
g l |Y1<12 j g“))(l s '\\"‘-z: -
~ 04 ; - S weiz i
r~ r ] 3500 "
> [ ]
g?/ : I 4' :‘)?TS an NS a9 156 4
‘)S 0.3 C . I + 1 midy x') [GeV]
g 0.2 | | 1 P Measurement dominated by statistics: ~20% stat., 6-10% syst. for
a T ] each p; interval
c L i
é’ 0.1~ 3 P The fraction of X(3872) produced from decay of B does not show a
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Prompt X(3872) production cross section

P

dofizers) /dp. - B [Nb/GeV]

Putting together the previous measurements the production of X(3872) state is measured

for the first time as a function of transverse momentum as

Non prompt From PDG
fraction Measured by CMS BR in muons = BR in electrons
stasarss inJHEP 02 (2012)011 . .eeeeeees

t T TN s e e o s gasss
obeby - B(X(3872) — J/ymt ) = _. X(3872) ‘R {.g;(zs.)ptB(lp(28)—>yy—‘2.) g{;}(z)sfl/ﬁfﬂ?) ) E

X(3872)

%
]
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. . P Main systematic uncertainties are related to the measurements of R and
, CMS \"EI_' 7TeVv = prompt Y(2S) cross section.
i L=4810" 3
lyl<12
I LO NRQCD 1 P The results are compared with a theoretical prediction based on NRQCD
I LO NRQCD uncertainty | factorization approach 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

T T
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2 X(3872) and (2S) are assumed to be unpolarized.
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P The shape is reasonably well described by the theory while the predicted
cross-section is overestimated by over 3 ¢

Measured integrated cross section times branching fraction for 10 < pT < 30 GeV, |y| <1.2

: oo, x B(X(3872) = J/y ' x| = (106 +0.11x0.15)nb

-
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1., PP P Theoretical prediction for 10 < pT < 30 GeV, |y| <1.2

10 15 20 25 30 - u
p (v 7 ) [GeV] oL x B(X(3872) — J [y a'x") = (4.01+0.88)nb
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Are CMS results compatible with X(3872) being a molecule?

0.12
@ ¢ CMS \5=7TeV
0.11F L=48 "
E lyl < 1.2
0.1"
0.09¢ ‘
0.08" !
007 .o
0.06¢ .
0.05
UPUPUIIE SOV ST T
0.045 20 30 .40 50
p,(Jy " ) [GeV]
| i (A R
1 CMS \Vs=7TeV
C L=481" ]
lyl<1.2 ]
LO NRQCD 1

.-

LO NRQCD uncertainty 1

.o
L

dofiars) /dP. - B [nb/GeV]
=)
T"

—
e
N
v

$

FEERET

| - | FErIT |

10 15 20 25 _
p,(Jy n* ) [GeV]

2 The size of the X(3872) as a DD* molecule is determined by its scattering
length which in turn depends, by quantum mechanical considerations,
upon the binding energy;

2 X(3872) would be a large & fragile molecule with a miniscule
binding energy.

2 Questions:

? How its production characteristics in high energy pp collisions
match those of the nearly pointlike and tightly bound {(2S)!?

2 And how can a loosely bound molecule be produced in the wild
LHC environment of hadronic collisions?

2 Predictions by Artoisenet & Brateen assume, within an S-wave molecular
model, the relative momentum of the mesons being bound by un
upper limit of 400MeV which is quite high for a loosely bound molecule,
but they assume it is possible as a result of rescattering effects

2 On the other hand, an upper limit lower of one order of magnitude

would imply lower prompt production rates of few orders of magnitude
[Bignamini et al., Phys. Rev. Lett., 2009, 103(16)]
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Invariant mass distribution of the it system

» Studies at CDF and Belle suggest that X(3872) decays in J/{ and p°.

» The ' invariant-mass distribution from X(3872) decays to J/{ n'n is measured in order to investigate the
decay properties of the X(3872).

» Event sample divided into m(n'm) intervals and X(3872) yields extracted from fits to m(J/{ n'm)
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250E - ! 14 384 386 388 39 382 3%
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m(Jip ') [GeV] -

-
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P The spectrum obtained from data is compared to simulations with and without an intermediate p° in the

J/Pr decay.

2 The assumption of intermediate p° decay gives better agreement with the data.
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PLB 727 (2013) 57

Search for X, — Y(1S8)rn~

2 The discovery of the X(3872) has prompted the search for a bottomonium counterpart X, decaying into Y(1S)
r*re according to Heavy Quark symmetry considerations

2 Mass close to the BB or BB* threshold,10.562 and 10.604 GeV

P Model dependent mass prediction are present:
e.g. m = 10.561 GeVc for a BB* molecule (Swanson, 2004)

2 Expected similar to X(3872), narrow width and sizable branching ratio into Y(1S) rt*r
B CMS has collected a large sample of Y(ns) »>up in 20 fb? of collisions at 8 TeV in 2012

2 Separate “barrel” and “endcaps” events to exploit better mass resolution and lower background in the barrel
region

> 70000 — r-— T T T —] > F 7T T T ]
= - CMS Preliminary = 18000 - CMS Preliminary 3
& 60000 a3 BarrEI Vs =8 TeV B g 16000 E_ Endcap s =8TeV _E
ks 50000 L =20.7 fb" ] 3 12000 F L =20.7 fb" ]
S - p,>13.5 GeV ; g : p,>13.5 GeV -
< 40000 - lyl <1.2 = ¢ 12000~ 1.2yl <2.0 E
o C . © 10000 |- —
30000 - E 8000 =
20000 [ = 6000 E
. . 4000 =
oL ] 0L~ |

9 11 9 11
M, [GeV] M, [GeV]
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Xp Candidate reconstruction

2 X, candidates reconstructed by associating 2 pions
to the Y(1S)

2 Y(1S)m'n” mass spectrum studied in the kinematic
region
pr( Y(1S)m'rt") > 13.5 GeV and |y(Y(1S)t'n7)| < 2.0

2 Optimized by maximizing the expected signal
significance near the Y(2S) mass

2 In analogy with X(3872) expected significance > 50
if X, (BR x cross-section) > 6.56% of the
corresponding Y(2S) = Y(1S)m'nt" value

No structure found apart from Y(2S) and Y(3S)

Candidates / 6 MeV

Candidates / 6 MeV

T L B L B
Y (2S) Y(3S) CMS barrel |
8000 ; ls=8TeV -]
- L=20.7fb"
L p,>13.5 GeV |
6000 — lyl<1.2 —
4000 |
2000 |
9.8 10 10.2 104 106 10.8 11
My 15y [GEV]
T 1 T T ]
Y (2S) Y (3S) CMS endcap
B Vs =8 TeV
4000 — L=20.7 fb"'
L p;> 13.5 GeV |
1.2<lyl<2.0 |
2000
| | | |




Mass scan for X

2 Explored 10.06-10.31 and 10.40-10.99 GeV mass regions
2 X, expected mass shifted in 10 MeV intervals and evaluate signal significance
2 Xp signal modeled with a Gaussian function

» Fix signal width to value from the simulation (3.8 t0 16.4 MeV) -~
i observed
yields of Xp
and Y(2S) |
candidates |

2 background parametrized with a 3rd order polynomial

? For each mass point, evaluated

R _ 0% x BR(Xy = Y(1S)rTn™) g(is

= = — =

%‘r Overall efficiencies estimated from simulation

| Assumptions:

® same production mechanism for Y(2S) and Xp |
P both assumed unpolarized ‘
P same dipion mass distribution

— — e S —
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Xp Limit at CMS

P Local p-values calculated using asymptotic % 1:: r—\;\fl—vv N \I, Iv—\N
approach and combining results of fits to the o zfcyievsiz
barrel and endcap regions 1 L=207f0" 4o —

L 50

P Systematic uncertainties implemented as

_ ol ]
nuisance parameters B 60
101 |-—— Observed -
» The smallest local p-value is 0.004 at 10.46 GeV, gl ExpectedforReese®  7a
corresponding to a statistical significance of 2.60, 10 10.2 104 106 e [Gev‘]‘
. . . . Xb
which is reduced to 0.8c when taking into
account the “look- elsewhere effect” E ems ' @« 10 Expected
g 10% Cis=8Tev |:|+20 Expected ]
o SR L L2207 e 686%. D00 Meﬁ.!ﬁ!n.ezsees?rsﬁ!.:
S 6% —— Observed
-}

[ [ [ [ 4°/° [

2 No significant excess is observed I

» 95% CL upper limit on the (cross-sections x BR): =1
0.9-5.4 %

1% [—

10 101 102 103 104 105 106 107 108 109 1
My [GeV]
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Comparison with ATLAS

- - T
2 Similar search performed in Atlas § ATLAS \d II)_S
. . , £ 10'  is=8TeV, 1621 s
2 Fit in 2x2x2 bins of (|y|,PT, cos8*), where cos8* is the - -
angle between the dipion momentum and the lab-frame g i
parent momentum. g b |
§ - -

2 The split of the analysis into these bins take advantage of
varying bin sensitivity, which allowed for a more
restrictive limits than CMS

1072

YTYTI
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Xp searches: prospects

2 According to Karliner & Rosner [PRD91 (2015) 014014], this search decay should be forbidden by G-
parity conservation. While for the X(3872) the isospin-conserving decay to wJ/y was kinematically
suppressed, the same is not true for a bottomonium-like J°¢=1*" counterpart

%0

P The strategy for X, observation should include search of imi’ww.m«"Wf °: .'..m' Xb1 2 — T(1S)y

ot L=2070" :
B X, V(9 (=) ‘f |

120-

9 Xb - Y(3S)Y voof W“""“
22X, —y, (1P " : // H ‘
P not an easy task for CMS (low energy y), for Run 2! ot :

=

m,., , GeV]

» Moreover Karliner & Rosner suggest that the X, may be close in mass to the Xs1(3P), mixing
with it and sharing its decay channels (just as they suppose for X(3872) )

P Thus the experiments (ATLAS, D@, LHCb both with non-converted & converted photons) that
reported observing xs1,02 = T(15,25)y might have actually discovered the X, or a mixture of
the two states!

P It would be worthwhile to examine the T (15, 25)ymass spectra for any departure from
single BW behavior.
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Y(4140): Another long story...

2 CDF (2009) reported

evidence (@3.80 ) for ...

narrow peak in J/Wye

mass spectrum, close to
the kinematical threshold,

in decays
B —Jw ¢ K

[PRL 102 (2009) 242002]

X(4140)

1.2 1.3 14 15
AM (GeV/c?)

1.1

2 Masses are well above 3770MeV open charm threshold;

the conventional charmonium should decay into DD, with tiny B.R. to J/Y

> CDF (2011) presents update analysis with

larger dataset,(6.0fb"2 vs 2.7fb! Jobserving

c2

Candidates per 10 MeV/

-
o

Y(4140)|

19+7

[> 50]

m(u KK

- -

migwmm>
‘ [3.10]

[ arXiv:1101.6058 (2011) ]

2 This OZI suppressed transition is rare [B.R. ~10] can proceed either as a 3-body decay and/or as a quasi- 2-body
decay, in which J/i and ¢ come from an intermediate state Y (ccss).

Constrained phase-space would favor forming of 2-body intermediate structures.

7 |f this Y state exists and it decays into J/Y¢ , its inv. mass must be below the DD" threshold (~4.3GeV) : above this
threshold, the dominant decay would be Y— DD’
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TheY(4140) search

2 Belle (2009) searched and did not find this state in the same decay. 5 * 7.575 J1.Go | 1P nm s
2 Limit set on production rate, but cannot exclude CDF peak. ‘ : s "'..'_ Ut
& Upper limit value lower than CDF’s central value! [efficiency depletion atthe . <

threshold] :;. Lot

2 LHCb (2012) has searched for these two states reconstructing (383 +22) Bt — J/¢¢ KT candidates

-
<

07

------------------

s | BB* — J/y$K*)
8+ —
1T, ® .
85 & A ) B(B* — X(4274)K*) X BX(4274) = J/¥$) _ 0o
S L BB —I/¥$K") '
c I L
° 2: qunimg It
1%00 1100 .

1200 1300 1400
MJ/yo)-MJAy) IMeV]
[ PRD 85 (2012) 091103 ]

-E e :
< 8 B'—= Jy K o
Q A @ | 1 LHCb observed no signals; this implies a 2.40 tension with CDF.
. e
&t |nL I Il @90%CL upper limits on ratios of branching fractions :
2
i [ﬂ B(B* — X(4140)K*) X BX(4140) — J/¥¢) _
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CMS search forY(4140)

PLB 734 (2014) 261

» Search performed with 5.2 fb™ of collision at 7 TeV

primary
vertex

'.La

Vertex separation

CMS, \F_7Tev L= 52fb1

secondary

~

Candidates / 5 MeV

500 j—
400F

300}

Candidates / 1 MeV

200F

100F

-100F

—— Sldeband subtracted Data —

CMS, Vs = 7TeV L 52fb

2000 ' 1,008 < m(K+K ) <1085 GeV 3
1800 Am < 1.568 GeV _E
1600 ) D.a ta 3
= Fit 3

1400 = = Background
1200 3
=

lllllllllllll

2480 + 160 B* events

815 5.2III525 5.3II535III4III545
mJAWK K K*) [GeV]

P Largest B’ sample to date
» 20 times CDF
2 7 times LHCb

T/ fo(980) K -
» B+ candidates are consistent to be solely J/yppK’ 4;“> " > negligible

JIWKTK- KT
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The J/Yd mass spectrum

_ _ -1
» The Am =m(p"p  KTK™) —m(u" ™) spectrum is obtamed> 300 SMS; Ef.zT?Y’lL.‘E’.'Z.fpl ——

2 dividing the dataset in 20 MeV Am bins § - Y(4140) i gfgﬁm fit .

O P b e Three-body PS (global fit)

P fitting every bin with NP . +16 uncertainty band J

P Signal PDF: S-wave Relativistic Breit-Wigner (BW) 5200;_ / T Eﬁﬂ:m:i:zg 8% $;§+; E

convoluted with mass resolution 2'150:_ + ------- 1D fit E

2 Background PDF: 3-body Phase Space Shape - 9 ]

p 1-D Fit: Binned y? fit to the extracted Am spectrum 100:_ + \ + ++ B

using the BW and PS shape. - M R T T :

B Global 2-D Fit: simultaneous fit of m(B*) and Am with 50F /%/” + + -

implicit background subtraction \F 7 i

» extracting the number of B signal in each Am bin fitting the J/v¢ T IS I Y-

spectrum Am [GeV]
» The region Am >1.568 is excluded to avoid bkg from Bg — 1(25)¢ — Jyrtr ¢

i Yield Mass (MeV) r (Me

‘} 310+ 70 4148.0 + 2.4(stat) + 6.3(syst)y 28+15.44(stat) + 19(syst)

;ﬁ 418 + 170 4313.8 + 5.3(stat) + 7.3(sysh  38+30.y5(stat) + 16(syst)

2 First structure consistent with Y(4140) of CDF observed with more than 5 ¢, and
saw evidence for a second structure in the same mass spectrum

? Naive yields’ ratio estimate:]'f; g}ﬁg; ~0.10 +£0.03% consistent with CDF & LHCb UL

-]
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Crosscheck with cleaner B* sample

2 More stringent quality and kinematic cuts are used

to produce a cleaner sample
2 40% of the defaults B signal
2 10 times less background

1
100CMS\S—I7TeV L= 52fb

vvvvvvvvvvvvvvvvv

- three--body PS
—— 2 BWs + three--body PS

T4

80

60

N(B")/e,, per 20 MeV

40

IlIlllIll

IIIIITIIIIIIITI

20

'1f3'+ _ EW -
m(u'u'K'K)-m(u*w’) [GeV]

CMS, |(§ 7 TeV, L 52fb

+ 1 0125 < m(K+K )<1 0265 GeV
Am < 1.568 GeV
¢ Data
— Fit
= =1 Background

400

350

300

Candidates / 5 MeV

"
»
L
)

5. 35 5. 4 5.45
mUpK'K K*) [GeV]

2 Found structure can be clearly seen
also with this selection
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Investigation of the whole Am region

» Check the events with Am larger than 1.568 GeV (eliminated from the
analysis) to ensure that they could not cause reflections in the low-Am region

» The Am spectrum after subtracting 2 The extension of Am spectrum after

BOs contribution but including non- subtracting non-B background, to

B events within 1.5 o of the B mass the full phase space
o cooCMS, (5 =7TeV, L=521" 1o CMS, S =7 Tev, L=6.2 o

Q - B mass signal region % oo —I+I—IDlatal R

E 500 - mg-1.50 < m(JAp9K) < mg+1.50 s C —4— Data minus B? | ]

R\ - Q “=F —— Gilobal fit | E

2 a0k =~ - A e Three-body PS | ]

_(g; N Eﬂ 200— — - Three-body PS | =

S C Z - extrapolation | .

€ s00f 150}~ | -

O . ]

C . C | 7

200 \ . 100 —

- $ i o N 2 LT B | .

100 | ﬁ\ 50 =

: A T

0" ‘-‘. ‘ 4‘; — ‘1I8‘ ...... 0-, R R IR R ERIPE A ensae I

AM [GeV] e 14 12 13 R 15 16 17

......................................... Am [GeV]

The events in the cutoff region are consistent with phase space.

The absence of strong activity in the high-Am region reinforces our conclusion that the

near-threshold narrow structure is not due to a reflection of other resonances.

-]
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Y(4140) interpretations

2 For the Y(4140) decaying several interpretations have been proposed:
B D:E: molecule, that is the molecular strange partner of the Y(3940)
» CSCS tetraquark
2 threshold kinematic effect
2 hybrid charmonium n
» weak transition with D, D, rescattering d> )‘\

I'v

2 Understanding the nature of both structures needs further investigation & requires a full amplitude
analysis (not easy task: 2 vectors in the final state!).

2 It is suitable for CMS adding Runll data to extract an enough pure B+ sample with enough statistics.

T 30 Compilation by K.Yi ~
z - | //L[I¢ | o:g wd)——BES(a) ::;3'; p¢——3FS
P Worthy to note that the Y(4140) g ot - % 220 z,3F
state is the most recent of a series  |§ 1| |-/ ' Tt glo E';
of vector-vector threshold g o) ++ ,;:i{i"tf‘x Z Won
enhancements from OZI o) | | §o L o ¥ 0478 2 225 25 278
: . IO, S < M(wd) (GeVic™) . e
suppressed strong processes: #u KK my ) GV PRD 77, 012001(2008)
- . - Eo et 1 B "0 228 F(wp) Side—ban:
B Possibility to similar behavior in td ; x'a% iK' 1§ ¢P--BES | = mf ;)k ‘B’éﬁ’)
pairs of heavy quarkonia? § | f' ©vw] § o ?';: ' wr
20 \’ A o I G £ o
E J ' I ~ | ’—h { .{ﬂn “ 2.:
- T e

10 Moset (OevAcT) M. 15eVv/c")
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Next steps forY(4140)

2 Understanding the nature of both structures needs further investigation

CMS. Ys=7TeV.L=52fb"
M=/ TeV Lobath

L | T T T T

. . > 160 " I, T N T
» The ¢pK* mass distrib. shows an excess 2 b -'+ p r"“”’)jﬁ‘;”t"““KK”""“*”.;
w.r.t. PHSP profile in the region where §120;-5'+ — Phase Space smulation']
0 100f- = H

P

large resonances [K2(1770) & K2(1820)]

_ . . ) 3 E
may appear; reflections studies are carrlede*c\\)ég,“‘v E
out \(e%‘oﬁ-""" : . .
- x ’\@’ Rt :I ] ] ] ] L. o
CMS. is=7TeV,L=521 : . . ((\\\(\\k. .t 11 12 13 14 15 16
% 4007 ! I «\-\5 “‘_--“3 Am [GeV]
= 350} ¢ Dana e 2 Y(4140) appears to be uncorrelated to $K+ resonances
S Phase Space simulation OMS. 57 TeV, L = 5.2 16"
o~ 300 )  ies<mKKK)<i88GV ]
m -
2250 - :_
200

g

¢ Data ]
" *["1*+ — Phase Space simulation ]
*>
* -
- _-
.

g

8

50 1 1.1 1.2 1.3 1.4 1.5 1.6

P P L ad Ak P PRTRPR ad
15 16 1.7 18 19 2 21 22

mK'KK') (Gev) | Additional peak (m-shifted wrt CDF) Arﬁga%e affected by them

2 A full amplitude analysis is required: not easy task due to 2 vectors in the final state!

2 It is suitable for CMS adding Runll data to extract an enough pure B* sample with enough

statistics.

-]
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Summary and perspectives

2 CMS has greatly contributed to the study of exotic states
P X(3872) prompt cross section w T

Fio "
) ] fmo; GeV <p (V) <11 G ’:‘_':;;:v
2 Y(4140) confirmation . ,W' Xb1, X2
2 Search for X s |\
» Their actual nature is still a challenge! w/:/ o | cms
wi? N ¢ pp,\.nj"l’ov
- :r 975 08 085 90 995 10 1 3300 { Leiem
2 Many channels still to be explored / B " gm0 sannssi ||
200 !
2 Particularly promising is the good resolution > = I
for radiative decays from converted photons o ad P
y P Xecls Xe2 gWA" S et
» Run-2 just started e (G

2 CMS will record much larger integrated luminosity than LHCb, in an harsher
environment

P Dedicated triggers developed for the most important analyses
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Quarkonium spectra & overview of feed-down into spin-triplet S-wave states

E] OV dns o g, = 35 v

\

COF, OV and LWCE dits M, = 1S GV
W G ety prodiuced

s

' L I |
hadrens hadrons  yo radatine

[ LA . o' " " 2 ]

T (45)
e ‘

(S S B T
- — &==== gt ~ EnC 1 914 0
—| ececsess - ~T‘ S __‘—7 P 76".‘” L
N 3S) - — T2 Pr—a Y &1 _—..q
------ ;------ - ;-—° -__——
hadrons -~ o P Y(ZS) ectly produced

hadrons . _—_ = -
= 1(3s)
-..U;;l.'.'..\:l.- n T 4 i <z .f//- ——'-\.-----:---.5.
S _22_ g
o~ . _‘_,.-»' Lpall P) R Yol 2

AHCR, OV » 10 v

Y{18) directly produced

11(25,35)

"y 15
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Y(4140) at DO

*),
(=)

N

N(B*) / 30 MeV
=N
(=)

o L] 1

[ D@ Runll, 10.4 fb" +Data (C)
:aer:1309.6580 [hep-ex] — Full Eit

.- X(4140)
- ] -.-X(4330)

J i
[ s =
- - s
b L\ -
y ‘
& mmmegadn e .
3 -* ............. ‘\n " ‘J“'
>~ £ L o
|||||||||||| ‘a, o ",.n
"
PLUDS PO 1 LB Yo P | . ¢« T paa ol o2 4 4

42 43 44 45
M(J/yK'K) (GeV)

M,=4159.0+4.3(stat)+6.6(syst) MeV
M,=4328.5+12.0(stat) MeV

I,=19.9+12.6(stat)*Y 4 )(syst) MeV
r,=? MeV

Y(4140)—Evidence (3.10),
consistent with CDF Y(4140) result

Peak2 — hint w/ fixed width

30



B-physics at CMS

Some example of the capabilities of the CMS detector... PRL114 (2015) 191802
AA E F
g i e S 2 Yo cms
- arXiv:1501.07750 s ' Promp ..
g 4000 }- CMS 3 -4 § w e J:' ) Bacwm ! WM<12
o 4 (a) v ]: 455" (7 Tev)
™ i 11 lyl <0.6 wl- |
P ! 10 <p_ <12 GeV :
£ {3 T ,
Q2000 f ' —
W : ] -
1000 |- [ 4 & ’ﬁ -

High resolution on Dimuon Mass (Y(nS) states)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13009 N b ( ,_,0)
> B ew paryons| = .
8 60 Mass resolution o = ~ 3 MeV > 71U y Hb EXOt'CS (X(3872))
S 2 Foms =, data = 3000
g o 60F PP \s=7TeV —e— Opposite-sign pr_ @ 2Indt = CO.TITA
2 N L =531 O Same-sign p, = 32008+ CNS W5 v 7 TV
8 & 50 . . & 3000 7 A3 Py
% 40 ] F . —— Signal+background fit o 2800 "‘f,\.. A et &
= © N Background fit - S J wors '_ ”
£ 2 §2000 Ny e
© 8 30F B 2400 \ .
20 wf B 2200 .
------ 2. ao W Ty
104 1800 \J'-_g $
) camP R L PR R r 1600 T
122 5.24 5.26 5.28 53 5.32 ok .
M, sy, k- (GeV) 56 57 58 59 6 61 ®rs a8 385 39 395 4
+ + MJHE) [GeV] mJly x'x) [GeV)
New Decay Channels (B™ — ¥(25)¢K™) PRL 108, (2012) 252002 JHEP 04 (2013) 154
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