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» CMS experiment introduction

« Overview of main CMS results:
- Y(4140) [7 TeV]
- X(3872) [7 TeV]
 Xpb partner of X(3872) [8 TeV]
» X(5568) [8 TeV]
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CMS experiment: detector

Compact Muon Solenoid: detector optimised for measuring muons

4
—; Muon system

Electromagnetic
Combination of Calorimeter

subdetectors to &
identify + measure \\
particle properties

' IR Ny

| , Silicon
Tracker

Hadronic Superconducting
Calorimeter Solenoid (3.8T)

Precise track reconstruction: Excellent muon identification:
* pt resolution: Apt/pt = 1% (barrel) - wide rapidity coverage: Inl < 2.4
- tracking efficiency: > 99% (central) « m(uy) resolution: Am/m = 0.6%

 impact-parameter resolution: down to 15 um - fakerate: e(ul m, K, p) =0.1%
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CMS experiment: data

Collecting data from pp collisions at increasing centre-of-mass energies:

Vs =7 TeV Vs =8 TeV Vs =13 TeV
5 fb-1 20 fb- 80+ fb-1
(2011) (2012) (2015 —)

Dedicated set of triggers optimised for quarkonia states
- based on muons and tracks

CMS BPH Public Results CMS-DP-2016-059
Jo" 13.1 fb” (13 TeV, 2016)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH#Summary_plots
http://cds.cern.ch/record/2212114?ln=en

Vs =7 TeV

Y(4140) observation

Phys. Lett. B 734 (2014) 261-281

« exotic meson candidate
- first observed by CDF in 2009

- CMS analysed peaking structures in the J/{Y¢ mass
spectrum from B = J/PPK=+ decays
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http://dx.doi.org/10.1016/j.physletb.2014.05.055

Y(4140): introduction

CDF reported a 3.80 evidence for a narrow peak in m(J/¢pd) spectrum

from B+ = J/PYPK+ decays: [l iy NS B\ Az l

. Search by Belle did not confirm it Phys.Rev.Lett.102:242002
LOF Y@4140)
. Same peak observed by CDF at >50: g: b)
insufficien
- m=4143.4 = 3.1 MeV/c? o6 signiﬁcancz
®B5
- No evidence by LHCb measurement: ﬁ;
» upper limit 2.40 away from the CDF result gz
O1

. . 11 1.2 13 14 15
Proposed interpretations: AM (GeV/c?)

- cscs tetraquark;
. threshold kinematic effect; m(p+prK*K°) = m(u+pr)
» hybrid charmonium;

- Ds"Ds" molecule - molecular strange partner of Y(3940);
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.242002
https://arxiv.org/abs/1011.3369
https://doi.org/10.1142/S0217732317501395
http://dx.doi.org/10.1103/PhysRevD.85.091103
https://arxiv.org/ct?url=http://dx.doi.org/10%252E1103/PhysRevLett%252E102%252E242002&v=209bbe98

Y(4140): analysis method

Same m(J/PP) spectrum from B= = J/PPK* decays studied by CMS
to further investigate this peaking structure

Using 5.2 fb-! of pp collisions at /s = 7 TeV

Selecting events with 22 muons (J/¢ = pup) + 23 tracks (K%, o2 K*K-)
* prJ/Y) >7 GeV;  pr(K*) > 1 GeV;
- B+ transverse decay length > 30;
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Y(4140): mass spectrum

Invariant-mass spectrum within +3c around the B+ mass:
fitted by a gaussian (—) and a 2nd order polynomial (- --) to obtain B+ yield

300CMS, Vs =7 TeV, L=5.2 fo!
llllllllllllllllllll _' ! ! I | I I I I | T T I I | I I I I | I I T T
g 2000 > F —+— Data .
= : Am < 1.568 GeV = 250 Sl =
f 1800 | ' o - wema Three-body PS (global fit) -
9 1600E ¢ Data NOr : +16 uncertainty band
% = — Fit 7~ 200 . — — Event-mixing (J/y, o, K++) ]
< 1400 ‘e, = =1 Background a C f S Evept-mlxmg (v, 9 K™)
o - LS zZ - 31X 00 ] P g ewen 1D fit .
% 1200 = 150 —
O 1000 - .
800 100 ]
600 F | N So
400 0L + E
200 0 ”{:
T T S N S T S T T S T T T ST T S A Co o oo b v b o b e b ]
\‘:9.1 5 5.2 5.25 5.3 5.35 N _5.1 5.45 1.1 1.2 1.3 1.4 1.5
m(JApK'K K") [GeV] Am [GeV]

m(u+u-K*K-) — mu+pr)
Fitting m(J/¢PPK) to extract B+ signal yield in every Am = 20 MeV bin

Fitting Am distribution to extract the two structures yield
. S-wave Breit-Wigner (BW) convoluted with mass resolution;
» 3-body Phase Spase Shape (PS);
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Y(4140): results

Properties of the lower-mass resonance determined from the fit:
m1 = 4148.0 +2.4stat. +6.3syst MeV/c2 1 = 28 +15_q¢stat +19syst MeV

Significance of the first peak > 50 s00CMS. (5 =7TeV, Leb2f”
> r + Data .

. . . %2505— 1 2 Earlég:!gict)d PS (global fity 1

Mass and width consistent with the & T e oty band -

. — — Event-mixing (J/y, 0, K*)
p—— Event-mixing (J/y, ¢ K*)
....... 1D fit

Y(4140) values reported by CDF 3
BR relative to B+ = J/PPK+: 0.1 +30%stat o

« consistent with the CDF result and .
upper llmlt by LHCb B T ¥ I 7 -

Evidence for a second mass peak:
« M2 =4313.8 +5.3stat +7 3syst MeV/c2 [2 = 38 +30_¢5stat +16syst MeV

Conventional charmonium mesons would have larger widths at these
mass values = must be something exotic
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Y(4140): reflection studies

Possibility of presence of two-body resonances was further investigated:
fitting m(J/PYPK) in intervals of m(K+*K-K+) = 40 MeV

CMS, \@ 7 TeV, L 52fb

. . - 1-0| = SR BN B N L
Excluding excess region from the plot — 3 + KKK*><+1 s80r mKKK) > 183 GV
o - Data ]
» Y(4140) not affected by dK* resonances ="F + ~— Phase Space simation’s
CMS, \/5 7TeV,L=521fb" < 805— + + -
> 400FF T T T T L L B B BB B = - ]
§3505_ ¢ Data E 601 r
Q = —— Phase Space simulation - 40 3
~ 300 - - ++ + + H» ]
48 E E 20:_ + - _:
22505_ _E O:I....I....I....I....I...I-....I:
200 = 1 1.1 1.2 1.3 1.4 1.5 1.6
z - Am [GeV]
150 3 ?I_l_ =
100 - +|+’: ++ = CMS, Vs =7TeV, L=5.21"
: - e N SR Bt I ]
50 - = O} i 168<m(KKK)<188GeV
- | ] E [ ¢ Data ]
0:' [ - N80~ —— Phase Space simulation ]
N N A R R RS BT ?560:_ H» 4H> i—n + E
m(K*KK*) [GeV] = 7 :
. . . a0 —
Using only excess region in the plot — : t J’ J( [' ;
20— & ]
- second peak can be affected by pK+ P 4 J( K
resonances B R e KRB FEET
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Y(4140): conclusions

Y(4140) structure found by CDF also confirmed by CMS

- measured mass and width consistent with CDF results
- relative BR consistent with CDF results and LHCb upper limit

- statistical significance of the second peak can't be determined
reliably due to possible reflections from two-body decays

» further studies, including full amplitude analysis, needed to
understand the nature of the peaking structures

» Run-Il data will help a lot in extracting pure sample of B+ with
sufficient statistics
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Vs =7 TeV

X(3872) differential cross section

. High Energy Phys. 04 (2013) 154

. first exotic charmonium candidate

- discovered by Belle in 2003

- still no clear understanding of its nature

- CMS analysed decays into J/¢gmr+mtr- (J/Y — u+ur) to
study it further
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http://dx.doi.org/10.1007/JHEP04(2013)154

X(3872): introduction

Belle reported a 100 observation of a narrow peak in m(J/@rr+mr-) spectrum
from B= = K=J/Yrr+11- decays: ful=rele 200 Re R | AV o

Confirmed by CDF and D@ a year after Phys. Rev. Lett. 91. 262001
I L] L L) I L 1 1 l 1

600015pE T “ sool-DO - I a) doto i
> r 300 |- i
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. 2000 E 600- 0

(&) —
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$30007 "%3% 385 300 305 g 400 = % I _

© - i - -
i) © ¥ g c od -
§2000‘ Jy ' S g : :.:" §1oooo- L% 100 : : X(3872) —-
° /"J o s T ., O 200_ ) '::' E - =
1000 e S [P " PR i M

: . M i (GeV/cz) 0 | A.J 1 1 1 1 | 1
S — 0.- P TN T AN TT T W T N  TTT T AN T T 1
06 0.7 0. 0.9 1 0.40 0.80 1.20
3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00 2
J/ynx Mass (GeV/c?) M, M, (GeVic)

M(z* = 1*T) - M(I*T) (GeV)

Currently available hypotheses: charmonium state, loosely bound
molecular state or a tetraquark

Theoretical predictions of differential cross sections of prompt X(3872)
production are available (calculated in the NRQCD framework)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.072001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.162002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevLett.102.242002&v=209bbe98
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001

X(3872): analysis overview

CMS detector well suited for measurement of the py+u-rt+rr- final state

Using 4.8 fb-! of pp collisions at +/s =7 TeV — -12K reconstructed events

. . . . «>
Kinematic region: 5 . Ay ae s
S — o < . 4I;=4.8 fo o
- 10 < pTr<50GeV; |y|<1.2 o bowS o e
B ---backgroun
» 80+ - signal ]
« ARWJ/¢, ) < 0.55 to reduce 5 :
combinatorial background g °r }
40__ k § (S B
Measured several aspects of the process: 20//j e
1. X(3872) / P(2S) cross-sectionratiovspr [ . x@era)—
] 3.6 3.7 3.8 3.9 4
2. non-prompt fraction vs pr m(JAp ') [GeV]

3. T+1T- invariant mass distribution

+ prompt X(3872) cross section vs pr
- using (1), (2) and o(P(2S)) measured earlier
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X(3872): cross-section ratio

Ratio allows to avoid many systematic uncertainties:

o(pp — X(3872) + anything) - B(X(3872) — J/pmr m) _ Nxsr) - Ays) - €y(s)
o(pp — ¥(2S) + anything) - B(y(2S) — J/prtn—) Ny(2s) - Ax(3872) * €X(3872)

X(3872) and Y(2S) assumed to be unpolarised

Acceptance corrections depend on assumptions about the angular
distribution of the final-state muons and pions

R =

- this effect is minimised in fiducial cross sections
(kinematic requirement on muons, dimuons and pions in the phase-space definition)

m0_12:‘\‘\‘\‘\“‘\‘\‘\‘\“ \w7 (_60127“ “‘

ot full PS oveezrev 1§ e fiducial PS CSessT™
- lyl<1.2 . o lyl<1.2 .
0.1 s 0.1 :
0.09 0.09 Average ratio:
0.08F | - 0.08] .
OD?HHH’ E g EHH - R =0.0656 + 0.0029 = 0.0065
0.06 + 0.06 % R =0.0694 = 0.0029 + 0.0036
0.05 = 0.05} - f 4 4
... ... .1 Nosignificant ependence
0-04% 20 30 20 50 9% 20 30 20 50 & pTdep
pT(Jhp ) [GeV] pT(-Jhp ") [GeV]
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X(3872): non-prompt fraction

X(3872) can be produced from B-hadron decays (non-prompt production)

- non-prompt fraction based on “pseudo-proper” decay length (/)
for selection of sample enriched in non-prompt candidates

« Iy >100pum: efficiency: 80%; prompt contribution: 0.1%;

[ ] [ |
. L]
. determined from the ratio: # non-prompt / # total
3 e ] B SO e e A
S 1500 CMS \s=7TeV = - CMS \s=7TeV 7
To} L=48fb" To} B L=4.8fb"
1400 +data e N 5000t 4y +data -
™ —total fit ™ - —total fit
~ 1300} ---background = — -~ B ---background
2t : 3 4500} ]
© 1200 - ©
ke . 9
\“‘\‘\‘\‘\“‘\‘\‘\‘\‘ -:%1100'_ G _: -24000_ ]
: - 18 <p. <30 GeV © 18 30 GeV
0.5 L=4.8fb" ] F - ly>100um 3500 +'
lyl <1.2 i 900~ -
0 4_ __ 800' ........................ 1 3000_ ........................ ]
3.75 3.8 3.85 3.9 3.95 4 3.75 3.8 3.85 3.9 3.95 4
m(JAp 7'w) [GeV] m(JAp ') [GeV]

Average non-prompt fraction:
0.263 + 0.023stat + 0.016syst

Nonprompt X(3872) fraction
o o .

S ]

+ 1

0.1 .

No significant pr dependence observed

Qo2 B0 a0 50
p_(Jp " ) [GeV]
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X(3872): absolute cross-section

Absolute prompt cross section is determined as a function of pr
using results of the previous measurement [|HEPO2 (2012) O11]

rom _ 1- fB rom _ B 2S T
o B(X(3872) — /) = 1_;%??? IR} (obser™ - Bw(25) = uu7)) - %P((tp (2)87 i/if;))

this measurement PDG

Measured cross section compared to > 1F OMS \s=7TeV -
NRQCD prediction [Phys.Rev.D81:114018] 9 | etp
- shape described reasonably well @ [ b N EONAAC unceriny -
+ absolute value overestimatedby 30 g 10" | E
Integrated cross section also measured: £% :
a X
opompt = 1.06 + 0.11stat + 0.15%stnp S
102
i
U P DTS B
10 15 25 30

20
pT(J/lp n" ) [GeV]
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https://link.springer.com/article/10.1007/JHEP02(2012)011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.114018

Vs = 8 TeV

Xp search

PLB 727 (2013) 57

- beauty partner of X(3782)
- search motivated by observations of X(3782)

- CMS analysed final states with Y(1S)rr+rt- (Y(1S) — u+u-)
to look for X, signature

. using 20.7 fb-! of pp collisions at /s = 8 TeV
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https://doi.org/10.1016/j.physletb.2013.10.016

Xp: introduction

In analogy to X(3872), X is expected to exist with 10 < m(Xp) < 11 GeV
and decay to Y(71S)mr+mr- with a sizable rate

Analysis strategy:
» look for a peak in the m(Y(7S)mr+mT-) spectrum
within 10 - 11 GeV, other than Y(2S) or Y(3S)
No significant excess observed:

- setting upper limiton R =X, / Y(2S) cross-section ratio

> T T I T T T T T T I T T T T T T I T T T I I I I I I I I I I I
() - Y (2S) Y(3S) CMS barrel | S CMS [[] = 10 Expected
= 8000 * * \s=8TeV — = 10% [~ |s =8 TeV [ ]+20Expected ]
© i L=20.7fb" - £ 8% | 1 . ]
~ . i — . L =20.7fb ° - - - - Median expected _|
e orseeteietSic o SOOPROOPPROOPPROORPOON o 11 /- SOOIt ifoereortle eted siheirivtesbettn
0 p,>13.5GeV S 6% [ —— Observed
2 6000 - lyl<12 =] i
I ] 4%
2 4000
©
@) 2%
2000 o
L _ 1% [— -
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I I I I I I I I I
9.8 10 10.2 104 106 10.8 11 10 10.1 10.2 10.3 104 10.5 10.6 10.7 10.8 109 11
MY(1S)J‘C+J'IZ- [G eV] be [GeV]

Observed upper limiton R: 0.9 - 5.4 % at 95% CL depending on m(Xy)
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Vs = 8 TeV

X(5568) search

CMS-PAS-BPH-16-002

- tetraquark candidate

- observed by D@ last year [Phys. Rev. Lel. 117, 022003]

» CMS prepared a preliminary result of the search
for Bsrtt candidates using Bs decays to J/¢p
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://cds.cern.ch/record/2204918

X(5568): introduction

D@ reported an evidence for a narrow peak in m(Bsrt=) spectrum
m = 5567.8 +2.9stat +0.9_; gsyst MeV/c2 I = 21.9 +6.4stat +5.0_5 5syst MeV

140 [~ DO Run II, 10.4 ft'

Not confirmed by LHCb search

CMS performed a search in the final state:
X(5568) — Bsrtt = J/Ppprrr = urur KK

N (B%) / 20 MeV/c?

Signal and sideband regions look the same Y. SSRTRNISTUNTL NI
m (B mt*) [GeV/c?)
CMS Preliminary 19.7 fb™ (8 TeV) CMS Preliminary 19.7 fb™ (8 TeV)
210000:— 48K Bs 3% W, gﬁ%gggﬁiﬁﬁ%ég%sé?g%gﬁ%?%%ﬁ "
=" | /\ = 200F AR by
; 8000_— Candldates ~ - ﬁéfﬁ%*? Wg%ﬁ%{ﬁﬁgi
il 81000 i
= S _ g ﬁg
2 6000/~ sideband sideband 3 800
5 I S goor !
© 4000/ © o y ional
: 400_;5 Sigha
2000[- o0 sideband
Qo '"-'-,;3'4 g % AN —

signal. M(J/pKK*) [GeV] AM(Bm)+M(B)) _  [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://arxiv.org/abs/1608.00435

X(5568): upper limit

Upper limit on the relative production rate (px) wrt. to Bs is evaluated

~ o(pp — X(5568) + anything) x B(X(5568) — B{t™)  Nx(s568) €B

X = : =
o o(pp — B¢ + anything) Npo  €x(5568)
CMS Preliminary 19.7 b (8 TeV)
Unbinned extended ML fit performed ~ 3"* TR
to set the upper limit on X(5568) yield: 2™ W *Mhﬂ?t
§1oooj—
px(5568) < 3.9% at 95% C.L. S a0
§ Goof—
No evidence for X(5568) found by CMS 400
200
This is in disagreement with D@ result: I
g.5 5.6 5.7 5.8 5.9
PX(5568) = 8.6 = 1.9stat & 1 _4syst 9 AM(B ) +M(BJ), . [GeV]
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« CMS is perfectly suitable for heavy-flavor physics

- Important contributions to studies of exotic states made by CMS.:
» observation of Y(4140)
- measurement of X(3872) differential cross section
» search for X, partner of X(3872)
» search for X(5568)

- Not all searches resulted in observed particles, but Run-Il data is
bringing a lot of opportunities
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