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Introduction

e 160 fb! has been delivered by the LHC
in Run 2 (2015-2018) at Vs=13 TeV.

e \fery efficient data collection by CMS
with improved track momentum resolution—>
recorded over 140 fb! of physics-quality data.

e Ingenious trigger algorithms were developed
for efficient online event selection.

L=3.0f" (Vs = 13 TeV, 2018)

Trigger paths
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Y I low mass double muon + tracl

CMS 1s contributing
intensively into the heavy flavor

BPH: 58 papers published
+ 1 accepted + 1 submitted
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O030p T€M, IO KOTOPBIM UYT UCCIICIOBAHMUS
no B-¢pusunke B skcnepumente CMS

ITouck HoBont ®usuku;
V3yYEHUE MPOLECCOB
b — s u+u-/Bs —>ut+pu-

H3MmepeHue ceueHur poxKICHUS
c- 1 b-aapoHOoB / M3MEpeHNE BPpEeMEH KU3HH U JIPYTHUX
cBoiicTB b-amponos (Tect npenckazanauiit KX ]I momeneii)

]

Knaccuueckast CrieKTpoCcKomus D-aapoHOB: rv\}

ITOMCK HOBBIX YPOBHEU U U3YUCHUE YIKE
OTKPBITHIX (IIpoBepKa mpezckazanui KX/I MHOTOKBAPKOBBIX COCTOSHUM,
MOJIEJIEH KaK IIar BIEpe] K MIOHUMAHUIO
IPUPOJIbl CUIIBHOTO B3aMMOICHCTBUSA )

[Touck u uzyueHue

CoJIep KalInX C- u/uau D-KkBapku:
B HOBBIX KaHajaX pacrnajia

b-aapoHOB M TIPSAMOM POXKICHUH

(4)



Tpurreps! g1 3anucu coOBITHH ¢ D-ampoHaMu

(1) OcnoBHas rodanbHas nenb L1 & HLT s B-busnkn
— 0TOOpAaTh COOBITHS, B KOTOPHIX €CTh
oTJIeTeBIlHe OT MepBHYHOI BepmuHbl J/Ay, y(2S) nam Y(1S, 2S, 3S) - ut+ p-

B,(2) - B,

(2) Ectb m npyrue Tpurrepsl Ha B-dbusuky
(Harpumep Tpurrep, HaneneHHblil Ha 0T6op FCNC pacmanos tuna b — s p+p- ),
HO B 9TOM JIOKJIa/ie OyayT 0OCY>KIaThCs pe3ysIbTaThl, TOTy4YeHHbIE Ha OcHOBE (1).

(3) HoBwrit Tpurrep Ha B-dusuky, Bparking, Oyaer o0CykaaThes B KOHIIE JOKIaaa
B paznene [lepcneKkTussl.
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Kimaccnmueckas criekrpockonus bD-aapoHoB

H3zopannwvie pezyromameot!

[TomHbIi ciMcoK paboT —

http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html
N3yuenue P-BomHoBBIX B,*, B, u 06Hapyxkenue B,,*(5840)° > BO K
[IepBoe n3MepeHue OTACIbHBIX YPOBHEH Y, (3P) 1 y,,,(3P)
OO6Hnapy>xeHnne Bo30ykJIeHHbIX cocTosiHuit B_* me3ona: B (2S)" u B, *(2S)*

OOHapy»XeHHEe HOBBIX BO30YKISHHBIX coCTosTHUI Ab GaproHa

OOHapy>keHHe HOBOTO MPEJIECTHOTO cTpaHHoro Oapuona =,(6100)*
(4)



CMS: Studies of B.,*(5840)° and B,(5830)° decaying into

B*K- and observation of B_,*(5840)° - B° K

B.,*(5840)° > B* K

CMS l 19.6 fb' (8 TeV)
= c
D - + Data
= 3500F (a) —Fit
™ - — Signals
— 3000 --- Comb. bkg.
o - - --Reflections
e 2500
) -
'g 2000 -
@ -
O 1500
1000 E—
500F-
87

6 5?8 58 582 584586 588 589 592 594
Mgy [GEV]

Masses, AM and ratios of o*Br measured.
Results are in agreement with existing
measurements by CDF and LHCb

LHCb 2013: doi:10.1103/PhysRevLett.110.151803

CDF 2014: doi:10.1103/PhysRevD.90.012013

EPJC (2018) 78:939

B,*(5840)° > BO K,

CMS 19.6 fb' (8 TeV)
7o C + Data .
- (b) — Fit 1t observation
60 — Signals
--- Comb. bkg.
- --- KT swap I|
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5.78 5.8 5.82 5.88 5.9

Mo [GeV]
First observation of the decay B.; —B°K?
First evidence of the decay B.;,—B™°K?
Mgo — Mg+ = 0.57 £ 0.49 £+ 0.10 £+ 0.02 MeV,

Mg« — Mpg++ = 0.91 £ 0.24 £ 0.09 & 0.02 MeV.
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CMS: Observation of two resolved states 7, 2(SP)

The history of the topic:

puy Candidates / 25 MeV

345;09, 1.3fb" rXiv: 1203.6034
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CMS saw the yb(3P) state in all modes
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LHCDb confirmed it

in a new decay mode
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CMS: Observation of two resolved states y,; ,(3P)

Motivation:

PRL 121 (2018) 092002

* The (bb-bar) family plays a special role in understanding how the strong force binds quarks.

e Measurements of the masses of the
Yp(3P) triplet states probe details of
the bb-bar interaction and test
theoretical treatments of the

influence ot open-beauty states on the
bottomonium spectrum.

e The observation of a doublet structure
in the 10.5 GeV peak should confirm
the nature cf the state and clarify

the existence or absence of effects induct
by the nearby open-beauty threshold.

invariant mass

-

JP( s

hadrons

BB*-bar threshold

T (39)

(1P _— Xp(1P)
D y /’/ "bl // =
T s

/ o

hadrons

ott 1+t 2++

Picture from : V. Kniinz, Measurement of Quarkonium Polarization to Probe QCD - DOI 10.1007/978-3-319-49935-2_2
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MS: Observation of two resolved states y,; »(3P)

CMS

\s=13TeV

Y(18)
L)
L=80.0fb"

b |y[<06
} 06<|y|<12

Y(2s)
S YEs)

9.5

10 10.5 11
Dimuon mass (GeV)

PRL 121 (2018) 092002

4

Upsilon(1,2,3S) sample

» Analyzing the full LHC Run 2 dataset (13 TeV, 80 fb-1), CMS has observed for the first
time the split in the }b1 (3P) - Xb2 (3P) doublet and measured the masses of the two

states

> Xb(3P) is reconstructed in Y(3S) + y mode. The low energy y is detected through

y—e*e" conversion inside the silicon tracker "%°F cmE
. C
i aal : %5, From measurement of ~ ©~"* ™
- Photon energy scale is calibrated using 2 AN
% rconl Ty WY
high yield Xe1 = J/B + y samples for high £ 0.990 — -
o N
accuracy mass measurements 2 .
£ (.985 —
l :
~ Tested with xb {1P, EP} states 0.980 — o 2015+2016; L = 37.9 b
» 2017;L =421 fb™
|
0 & I:'.]I




CMS: Observation of two resolved states y,; ,(3P)

PRL 121 (2018) 092002

- 1P~ - . - Signal peaks: double-sided Crystal Ball
1200 -l,f_h“p} L T" _IEIEI_ CMS g p y
_ S 9895 10255 L | N=372+36
1000 CMS j - ' - (s =13 TeV
E=13TeV £ 80— L=80.0fb" '
- L=800f" & 0800 o2s0- i = >90
[i ] 800 = 5 r 1] :
E | E 60 — Total fit E . -
% 600 | % == Signal . ?[HP] |- .: + . g
@ i EWE sy | D [ Background . ’
w . } %, (2P) ves)+r | (0 4D_ IR Sl +
400~ ;! A . ¥(35) + 1 - frt
i fo L nEm) > Pt +
Wivad R b i 20— . oo
oof JHHRT TR s it | W S marasis
! , Gl M N : -
h l T i B LMFJT Sasty® ¥ i ‘L graiid-="]) TR N B R
0 e T 02 W6 10.4 10.45 10.5 10.55 106
¥(nS) y invariant mass (GeV) ¥(3S) v invariant mass (GeV)

Mi: = 10513.42 = 0.41(stat) £ 0.18(syst) MeV

AM = 10.6 = 0.64(stat) = 0.17(syst) MeV
M2 = 10524.02 x 0.57(stat) £ 0.18(syst) MeV ( ) (syst)

This result strongly disfavours the breaking of the conventional pattern

i ) of splittings and supports the standard mass hierarchy.
J=1,2 states well resolved for the first time

Significantly constrains theoretical predictions, which give mass splits in the range [-2, 18] GeV
This measurement fills a gép in the spin—dépendeﬁt bottomonium spectrum below the open-

beauty threshold and should significantly contribute to an improved understanding of the non-
perturbative spin-orbit interactions affecting quarkonium spectroscopy.

(9)




Events / 20 MeV

MeV/c?)

Candidates / (28

Excited B_* states

40

PRL 113. 212004 (2014)

ATLAS

The spectrum of B, (bc) states will help
to understand in a greater depth the
dynamics of heavy-heavy quark systems

a5 Q, ,, =288+ 5 MeV "
30 ij:tszm" Oprr = 1824 MeV 4 ,Bc s
f3=8Tev i ATLAS reported 25 N AM 2
25E o Data | the observation (5.4c) T D3
@ ‘t:" -dlka) 1 . ! B (25)
20 ombinat | of a new state with it -
e - mass consistent with T -
4 predictions for the Bc(2S)+. : " Bc
10 | They used Run | data. 1S ' |
5 ; : 4 Y AM 1
030 200 a0 40 500 60 700 B! -
m(B, nx)-m(B )-2m(x) [MeV] -

’ —  JHEP 01 (2018) 138 *y _ > =y
LT [M(B(1S)) - M(B,(1S)) ] > [ M(B,(25)") - M(B (2S) ]
30 F=8TeV B.(2S) = B*n"m followedby B* —B_y_,
250 .

i -_ B(2S) — B m
200§ LHCb with 3325+-73
150 4 Bc+ (8 TEV data): 1 X
- 4 “no significant signa )
100E 1 is found” Two-peak structure with the B_(2S)*
S0F peak at a mass shifted by
0: 2220l N / | i AR,
6600 6800 7000 7200 AM=[M(B *)-M(B )]-[M(B (25)°) - M(B (25) ]
M(B!x*m) [MeV/c} “ = © c

Theory predicts ~20 MeV (10)



CMS: Selection of excited B.* candidates

[Phys.Rev.Lett. 122 (2019) 132001]

1) Reconstructed ground state Bc+

; ¢ Data
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6.1 6.2 6.3 6.4 6.5

Selection: My =) (GaV)

Pt(pil —from Bc) >3.5 GeV;
Bc meson momentum (pt>15 GeV) should point to the PV in xy;
Pi2 (pt>0.8) and pi3 (pt>0.6) are tracks from PV which are combined with Bc+;

keep only one Bc+ pi2 pi3 combination with highest pt. (11)



CMS: Observation of two excited B_* states and
measurement of B,(2S)" Mass  physrev.Lett. 122 (2019) 132001]

— CMS Experiment at the LHC, CERN

- CMS ¢ Data W Data recorded: 2018-May-06 20:12:48.117508 GMT

L L=143fb" : — Fit result Yam | Run/Event/LS: 315790/ 219250777 / 309

60 5= 13Tev “ Signal

E ' B(J/y K"} n*x
% 50— Comb. backg.
= B (2s)"
O 40 B (29)
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6 8 6.9 7.0 ;

M(B’ n*x”) - M(B]) + mg: (GeV)
Mass resolution from MC ~ 6 MeV

Two-peak structure observed, well resolved:
AM = AM1- AM2 = 29.1+ 1.5+ 0.7 MeV,
each with > 5 o significance

Mass of Bc+(2S): o
6871.0 + 1.2(stat) & 0.8(syst) + 0.8(B.) MeV ; (12)



LHCDb has confirmed the two-peaks-B.*(2S) structure

PRL 122 (2019) 232001
(T L) L l L] T T T ' L L T L] l L] L] T T l L] T L3
\LJ 45 ~—4— Data
>~ 40F LHCDb Run I+Run 2 Total fit
S 15 BIQSY 18t peak:
L s B s.c local signif.=6.8c, N=51+10
~ 30 [ = == Combhinatorial
: 75 Same-sign 2nd k
8 - ,_ peak:
-§ 20 } ‘} l §\ } ¥ } 1 local signif.=3.2c, N=24+9
= 15} N 3
=) : N 1 :
S 10 Bl it M ' ,§' ; I 3 | Bt |=5 Smaller yields
B , } § & ﬂ L in comparison with CMS.
0 gy iy \%\ L 't = e B e ey e (ke
500 550 600 630 700

AM [MeV/c?]

The mass of Bc(2S)+ and AM are in agreement with CMS
and statistical errors are similar:

Y i 25y), wev

CMS 6871.0+1.2+£0.8+0.8 29.1+1.5%£0.7

LHCb 6872.1+13+0.1+0.8 31.0+1.4+0.0 (13)



. x —
CMS: Measurement of Bc(2S) and Bc*(2S) 5
- - (QN
Cross-section ratios 3
=)
CMS 143 fb' (13 TeV) . U(Bc(25)+) 5 B o N
Goé + oun R = 7 (BT) B(B.(2S)" - Bl m™) 5 8/
= 505— g?ﬁ K') 1 R* = U(Eil(;s)) )B(B:(ZS)+ - B ntnT) S
g E Comb. backg. ¢ . .\ —
© 40— R* /R = o(BZ(2S)") B(B:(2S)" = Bimtn™) )
—~ F o(B.(2S)Y) B(B.(2S)" — Bt m+m-) o
£ 300 =
(i 205 { Rt = (3.47 £ 0.63 (stat) £ 0.33 (syst)) %,
b R** = (4.69 £ 0.71 (stat) = 0.56 (syst)) %,
o M(B: fr'?x-) - A/?('E;) + mBZ'(()GeV) " R*T /R* =1.35 £ 0.32 (stat) £+ 0.09 (syst).
CMS 143 fb-1 (13 TeV) 10f:MS 143 fo” (13 TeV) 10FMS 143 fb' (13 TeV)
¢ B.(2S)" data r +H:+ r +Ft’:+
@ B;(2S)" data °F +R BE +R
0.4l —B(2S) phase space ? 6 = BEF
B, (2S)* phase space T T L
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Normalized mass distribution

02—~ 3

2.0

(14)



Beauty Baryons: Observation of 3 new excited
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o H { { } 2020 hot beauty baryon topic:
- Observation by LHCb and CMS
E {} M of 3 new excited A, states,
P I }‘ . broad one is probably 2S state and two narrow
60 6.1 6.2 6.3 64 are candidates for 1D doublet.
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https://doi.org/10.1007/JHEP06%282020%29136
http://dx.doi.org/10.1016/j.physletb.2020.135345
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Candidates / 4 MeV
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PEeKOHCTPYKIIMSA OCHOBHOTO COCTOAHUSA =
NEW

=" Compact Muon Solenoid

Use full Run-2 2016-2018 CMS data 140fb" Vs =13 TeV) to
kR —()

searchforanew &, - — Z, 7~ — =, 7wt resonance, basing on
theoretical predictions and excited Z** charm analogies

CMS 140 b (13 TeV) CMS 140 o™ (13 TeV)
S > 500[-
o : *
— —Fi
- T 400
- —Signal % C
- -—Comb. bkg. = L
o J S 300
n S C . .
L C - i i
C © L i :
L O 200 | ; i Data
- - | § — Fit
- - § | — Signal
{ _ Hiid 100 ; - JhyK
f 5 } - i __________ S\ Comb. bkg.
_IIII|IIII|I|—I-"Y IIIIIIIII“'-O'-_I.IIIIIIIIIIII D_ |_ | -I-—I |-_-1-:1“1-|J ||LI_|_I_IJJJ
565 570 575 580 585 590 595 6.00 560 565 B.70 575 580 585 590 595
M(Jp=") [GeV] CMS-BPH-20-004, M(JWAK") [GeV]
N = 850 + 36 arXiv:2102.04524 N=3815+74
— - = 5800.1 £ 1.2 MeV
m = 5797.0 + 0.7 MeV "= ©
Oy = 14.9 MeV (from MC)
Oofr = = 19.0 MeV (from MC) 7/
N-"*"WEGK_ = 82{} + ]58

(17)



OOHapyKEHHE HOBOT'O NPEJIECTHOIO CTPAHHOTO
BO30yeHHOro 6apuona =,(6100)

_——="" Compact Muon Solenoid

\ new
\
CMS supplementary 140 b (13 TeV) CMS supplementary 140 ™ (13 TeV)
= e : > F z
2 300 Pz oo iz, (6227) 2 140f =t iz (6227)
™ - Bz : o - Bz e :
< 2501 ° @ 120f pT 8 el
HJ'J B % B
= 200F = 100
o - o] B
o C T 80
S 150 E ) 2 i _
O b i%(6100) O 60 iZ,(6100)
100 - Fully-reco Z, 77~ 40 (JIWZ K ntn~
50 — 50 _ i ________
O : 1 1 | | 1 | 1 1 | 1 1 EI 1 | 1 | | 1 | | 1 1 | | D : . b I | | 1 | | 1 | | 1 EI 1 | 1 1 | 1 | | 1 1 | |
6100 6150 6200 6250 6300 6350 6100 6150 6200 6250 6300 6350

= 1 1) - M(=: PDG CMS-BPH-20-004, = 1t ) - M(ES PDG
M(E; = ) - M(E;) + mZP6 [MeV]  CMS-BPH20-004,  M(Z; = ) - M(E;) + mE2% [MeV]

« Invariant mass distribution of the selected =} zz candidates with no requirements on the Z; 7z

mass, for the opposite-sign (OS, circles) and same-sign (SS, band) events.

VY3kwit UK Ha mopore! ‘
(18)



| OOHapy>keHue HOBOTO IIPEIECTHOTO CTPAHHOTO
<i BO30y)»neHHoro 6apuona =,(6100)

NEW
! CMS 140 b7 (13 TeV)
CMS Preliminary 140 b (13 TeV) E T, —= JyE, 5] = JpAK
E‘ 40;— =*() E;{] selection 20 :_ 26£7 i Eiﬂa <
~  35F —b C '_ Q
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8 30F I | Comb. bkg. <
© E C ()
o 25— 10 .
S E r QA
& 20F % > L ’ o
o = Q C —
- = 3
15F } + % H_ ~ [ ]. ll C;'
10E + _1_ _}H_% _}-H_ + PR o NS SR AT PR ML IR =
C D
<. A -1- -l- J- o 5 — JW'K :E
O%T.Tﬂjfjf%.%..%%JF%JF..?L%JF..J%JFH 3 p0f 34%9 b @
0 0.005 0.010.015 0.020.025 0.030.035 0.04.0.045 0.05 S -
M(Z; ) - M(E) - M(x") [GeV] g
| 10f
M(Z,(6100)7) — M(Z;) — 2 - m'PY(z%) = 24.14 £0.22 £ 0.05 MeV |
5_
M(E,(6100)7) =6100.3 0.2 £ 0.1 £0.6 MeV : ' l ]
[(E,(61007) < 1.9 MeV @95 % CL R T R T

M(Z; o o) — M(Z) - 2mP0% [MeV]

CMS physics Briefing is available on the CMS website:
cern.ch/go/IVTY (19)
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Hadrons: Conventional and Exotic

Are there any quark configurations other than mesons and baryons?
In theory such configurations are possible.
Which of them are realized in reality, in nature?

Possible “white” combinations of quarks & gluons: d

® Conventional mesons & baryons @

= Allowed but “exotic” combinations Ad s Ud
v @ = a8
tightly bound multi-quark
8 C
) v ‘u

loosely bound meson-antimeson “molecule”
(x g
Color-singlet multigluon bound state (glueball) %—Jég

hybrids CM
(23)



Exotic Hadrons: experimental results

and theoretical interpretation

From 2003, thanks to B-factories Belle and BaBar (and then BES 111 and LHCDb),
the number of the candidates to exotic hadrons is growing continuously.

These are multiquark states. Some bright examples are
X(3872), Z(4430)+, from Belle, Y (4260) from BaBar, Z(3900)+ from BESIII /Belle

/

and P, from LHCDb.

-
N
o
(=)

1 .

<
ng

|M‘WHH HMW' {’t f"l: ,
1635 4 14164857

@®
o
o

Weighted candidates/(2 MeV)

[=2]

o

(=]
LB

400ff

0 -
382 384 386 388 39 391 ICRERE PrE— !
M(n'n 1) (GeV/c?) Mix'Y) (GeVic) e e 3 38 39 40
m(TTIy) (GeVic) Mras(T /) (GeVIc)

This is a New Hadron Spectroscopy Era =

200

Theoretical interpretation of all these exotic states still not clear.

1 9
Hadrocharmonium * — WE NEED MORE INFORMATION !

Molecule ?
Rescattering Evidence for X(5568) - Bs ©* by DO Collaboration
(threshold effect, cusp) ? —> search for this state in CMS. ‘

Tetraquark ? (24)



[Tonck TeTpakBapKoB, coaep Kannx PD-kBapk

e [Tonck X(5568) — BsO n+
e [lonck HOBBIX pe3oHaHcoB Xb — Y(1S) n+7-
e [lorck HOBBIX pe30HaHCOB B cucteme Y (1S) p+p-

(25)



DO Collaboration: Evidence for X(5568),
new state decaying into Bs n+

PRL117. 022003(2016)

DO Conf. Note 6896

N events / 8 MeV/c?

Residuals (Data-Fit)

=]
=1 o

20

Lhh,  sawmg
oUonowmown

o
oo

M
I'

N events / 8 MeV/c*

DO Run II, 10.4 f5'
(b)

sssss

o[

il

555 5.6 565 57 575 58 585 59
m (B m*) [GeVic?]
5567.8 +2.9715 MeV, D

21.9 4 6.4757 MeV,

DO preliminary, 10.4 ft'

4+ DATA
Fit with background shape fixed
=-===-- Background

e Signal

i

2 s L Il Il | ] |
555 56 565 57 575 58 585 59
m (B: ) [GeVic?]

Similar results with B® - D uv

Search for X(5568)* - B, nt*

If confirmed, would

be unique with 4
different flavours

DO _
)

a(pp — X + anything) x B(X — 3(5)7)

o(pp — BY + anything)
(8.6+1.9+1.4)%

N\

Rather big number for
the prompt production of
4-quark exotic state

Search for X(5568)+ in CMS is actual:

LIICh

Px

LIICh

Px

Px

» Different n interval with LHCD,

» Beauty hadron production conditions are similar in DO and CMS.

LICh

Pull Candidates / (5 MeV)

L
HANONRO

250

150F

200F

100F

50F

&

X

E LHCb p (B9 >10Gev |l cumoxesmame 3
E [I Combinatorial

E o e by b

3 P HATTIT

PRL117. 152003(2016)

5550 5600 5650 5700 5750 5800 5850 5900 5950 6000

m(B%x) (MeV)

(B%) > 5Ge&V) < 0.011 (0.012)
(B%) > 10GeV) < 0.021 (0.024)
(B%) > 15GeV) < 0.018 (0.020)
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Search for X(5568) in CMS

po _  o(pp— X+ anything)
/I
g o(pp — B2 +
= (86+19+14)%

CDF: A 95% C.L. upper 1
Phys.Rev.Lett. 120 (2018) n0.20, 202006

¢ B(X - Bn)

anything)

imit of 6.7%

CMS Bs Signal: 19.7 o' (8 TeV)
~.10000
0 - N, =49277+278 ¢ Data
= [ 4, =536654:006MeV |1 —Fit
O 8000 o, =803+018MeV -- Signal
> [ o, =186+05MeV ---- Background
% f =047+002
2 6000 pr(BY) > 10 GeV
C
@
O 4000
2000
A " 8 N At
52 53 54 55

M(J/WK'K") [GeV]

By varying selection criteria, background parameteriz

fit range and method of dat
yield for X(5568) remains c

a description, the
onsistent with O.

No evidence for X(5568) at the LHC

ATLAS
Px

Phys.Rev.Lett. 120 (2018) no.20, 202007

< 0.015 at 95% CL for pr(B
pATEAS 0,016 at 95% CL for pr(B°

) > 10 GeV

) > 15 GeV

No hints for
X(5568) signal
CMS , ( ) sig 19.7 b (8 TeV)
>
roa
Z o0 @ /1L oot e
Te) L
@ 600—
QL p_(B%) > 10 GeV
@© - T s
_'9 -
2400~ ¢ Data
S — Fit
200 0
Py <1.1% @95CL
i M | '
S 2t it m;lﬂm g H;xzhm HH *;h 3
@ op PR Y *ﬂ*ﬂ +f‘f*u PENE T RERG
55 56 57 58
M*(B1*) [GeV]
_ 3CM$ 19.7 fb' (8 TeV)
S F A T=10MeV » [ =20MeV
o 25F ¢ T=30MeV + I =40MeV
S C I =50 MeV
1 2F /\
2
—1
O 15F w
=
w
D 1j
0.5:—
55 56 57 58 59
MBI [GeV]

PSMS < 1.1%

9.9

PRL 120 (2018) 202005

at 95% CL for pr(B?) > 10 GeV

pMS < 1.0% at 95% CL for pr(BY) > 15 GeV
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p-value

Search for exotic bottomonium states X,

10.562 and 10.604 GeV.

PLB 727 (2013) 57

decaying into Y(1S) n+n-

e The discovery of the X(3872) has prompted the search for a bottomonium counterpart
X, 2 Y(1S) n+n-, according to HQS considerations - with mass close to the BB or BB* threshold,

e It is expected that this X, would be narrow, similar to X(3872), and has sizable Br.fr. to Y(1S) n+n-.

30000

> 70000 [T = -
= CMS Preliminary  J 22000
< 60000 Barrel (Vs=8Tev 3 S 1000
8 L=20715" E g

% 50000 = £ 14000
3 p,>13.5 GeV E

3 Wi<iz2 E 2 12000
840000 yl < 1. E

20000

CMS Preliminary
Endcap Vs=8TeV
L=2071"
P> 13.5 GeV
121yl <2.0

PSP P 1P P Y Y P P I

PO U Sl e ST SR S—Y
9.5 10 105

1

M, [GeV]
> T T J T "] = T T T T T ]
[] Y(28) Y(38) CMS barrel 7 T Y¥(28) Y(38) CMS endcap
= gooo - * + \s=8TeV | = r 1s=8Tev |
© L=207f" 7 ¢ 4000 L=2071b" —
2 JLAM\ p,>135Gev] p, > 13.5 GeV
e 6000 — r,)ﬂ‘ﬂwl’ . lyl<1.2 nl % /J"wfun‘% 1.2<lyl<2.0 |
o ‘\’L\"*L.L 1 =2
2 4000 . = i ™ ]
= \”NN‘\; 3 2000 M
O -1 . £
- ~ H I‘Ll%
2000 . g e
L I 1 1 1 L L / -
98 10 102 104 106 10.8 11 o8 10 102 104 106 108
M, (g [GEV] My 1y . (GoV)
T T T T T T T T T
CcMS [ # 16 Expected
10% —\s =8 TeV |:] +2c Expected

Upper limit on R

8%

6%

40/5

2%

1“/9

CMS has collected a large sample of
Y (nS)—pu+u- produced in pp

collisions at 8TeV.

Separate barrel and endcap events
to exploit better mass resolution
and lower background in the barrel region.

pr( Y(1S)n'n") > 13.5 GeV and |y(Y(1S)nt'n")| < 2.0

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

: L =20.7 fb"

- Median expecled

—— Observed

W

10 101 102 103 104 105 106 107 108 109 1

M, [GeV]

In analogy with the X(3872),
expected signal significance >5 ¢
if X, (Br x cross-section)>6.5% of
the corresponding product for
Y(2S) 2 Y(1S) n*n (R value)
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Measurement of the Y(1S) pair production cross af)éiVjZng-OgE%&
section and search for resonances decaying to submitted 1o
Y (1S)u+u— in proton-proton collisions at sV= 13 TeV

eTetraquarks composed of 2 b quarks and 2 b anti-quarks could decay to a

Y(1S) + 2 leptons that possibly come from a Y(1S) off-shell decay.

e Even with a small production cross section, it could result in a prominent signature at
the LHC

35.9 fb' (13 TeV) 35.9fb" (13 TeV) - -
3TOMS O e 3 Toms o e ... 1 The two projections and the results of the 2D
oo 1200F - Y(25) + X --- YE9)+X 1o 1200 e Y(28) + X Y@ ex 4 . - . -
Dy e R L S | fit to the muon pair invariant masses.
; 800l P g _E
§ 600
. 400
o CMS 35.9 fb' (13 TeV)
::;45_—'I"'I"'I"'I"'I"'I"'I"'—
@ [ ¢ Observed — Total -
Q) 40:_ ——— Combinatorial bkg —— Tetraquark (m = 19 GeV)
Lo T = T Y 1. Hg— Y(1S)Y(1S 3
= oMs 5 L0 35¢ (18)¥(1S) :
= U'H;_ Simulation TN E C) 30F -
Eu_uj— 3 ~ ]
= 0 1E----DF‘S Y{15)Y(15) 3 wn 25 =
= s i h — - /
Coo YIRS e B 20- ol L l
0.08f  Aeree ; R Lﬁ 15E i irsi ""Wlll'llmu:.u.m....u....r
0.04f " ] = ) l rrsimllle 17
oot ,_ 10f; il | L
R S N 2472628 SH A {.
my, (GeV S T NPT N7 WO B i s o TL0 T COO:
s (GeV) 07977768 20 22 24 26 28

Distributions of #,,, for simulated Y(15)Y(1S) events ﬁ'.] (GeV) 29
41,1_ ( )



Measurement of the Y(1S) pair production cross

section and search for resonances decaying to
Y (1S)u+pu— in proton-proton collisions at sV=13 TeV

95% CL limit on B (fb)

95% CL limit on o8 (fb)

10

107F

UL’s at 95% CL on the oxBr

35.9f" (13 TeV)
CMS —— Observed
—— Medi ted
Tetraquark an expec
I 689% expected
[ ] 95% expected

185 119 195
my (GeV)
35.9fb' (13 TeV)

Pseudoscalar

—— Observed i
—— Median expected

I 68% expected
] 95% expected

my (GeV)

95% CL limit on o8 (fb)

95% CL limit on o8 (fb)

35.91b7 (13 TeV)

CMS —— Observed
Salr —— Median expected
I 682 expected
i [ 95% expected

10

35.9 b (13 TeV)

CMS
Spin-2

—— Observed

—— Median expected
I 68% expected
[ ] 95% expected

m, (GeV)

O(X) X B(X) X B(Y(15)) [fb]

LHCDb

Candidates / (100 MeV/c?)
=

arXiv:2002.06393,
submitted to PLB

results

24p LI

|
I LHCb
| Vs=7,8,13 TeV
|
|

4E il
2E HAY [
nE . N By pannsazizsalasf et
16000 18000 20000 22000 24000 26000
mu2u7) [MeV/el]
T
Obs. 95% CL limit
I’§=?._ 3, 13TeV 77777 Exp. 95% CL limit, madian
B e e
102 Exp. (95.6%)

18000

18500

19000

. lIQSOb = 2‘0000
H, [MeV/c2]

17500
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CMS: Study of B* - J\y A p

JHEP 12 (2019) 100

Motivation and experimental situation

M(JIwA) and M(J/yp) study

The study 1s motivated by the
recent observation of P~ states by
LHCD collaboration in J/yp system.

Measurement of the B(B™ — J/ wﬂp)

The only available measurement at the
moment performed by Belle in 2005 with a

Belle gt-:}

This decay provides a possibility to large uncertainty Phys.Rev. D72:051105, 2005
study both J/'wA and J/yp systems.
x Br.fr.: (11.6 i 2.8 +1.8 _23) X10-6
: o T
New states are expected near threshold in 2
The extended chromomagnetic model. = °
o5
C. W. Xiao, J. Nieves, and E. Oset, “Prediction of hidden charm strange [=
molecular baryon states with heavy quark spin symmetry”, woa
Phys. Lett. B799 (2019) 135051 5
2
The existence of a molecular baryon decaying to 1
Jhy A has been predicted q

X.-Z. Weng, X.-L. Chen, W.-Z. Deng, and S.-L. Zhu,
“Hidden-charm pentaquarks and Pc states”,Phys. Rev. D 100 (2019) 016014

2 522 524 526 528 -3

M, (GeVic?)

(32)



C

This study is based on 2012 8 TeV data (19.6 fbt)

-
%)
o

100

Candidates / 2 MeV
on
(]

o

MS:  Study of B* — Jhw A p HEP 12 (2019) 10

CMS 19.6 b (8 TeV)
B 4 Data

. - Fit

-  —B"signal I S=452+23

. ---Comb. bkg.

o
(V)

M(JRp) [GeV]

BB = Jlyl\p)
BBt — JIwK™)

The B+ — Jy K*+ — Jhy (KOs 1t+)
was chosen as a normalization channel
since it has the same decay topology
and measured with high precision

CMS Preliminary 19.6 o' (8 Tev)

¢+ Data
—Fit

(0.002)

— Signals

1000

Events /

500

= (1.054 £ 0.057(stat.) £ 0.028(syst.) £0.011(br.)) X 1072,

and using B(B~ — ﬂw,l;’*—j — (1.43 +0.08) x 1072
BBT = Jhwylp) = (15.07 £0.81(stat.) £ 0.40(syst.) = 0.86(br.)) x 107°

PDG mean value of B(BT — JiyAp) = (11.8+3.1) x 10°°®

The latest Belle measurement S8(BT — J/ t,rfﬁ.p] =(11.7 % E.Sféfi] x 1070

(33)



CMS:

Study of B* — Jiw A p

JHEP 12 (2019) 100

Comparison of phase space MC with efficiency corrected data

The significance of incompatibility with the phase space

and > 3.4c for A p mass spectra, including systematics.

CMS Preliminary

19.6fb " (8 TeV)

+ Data

—Simulated PS

IR
|

* Significance = 4.50'|

_ CMS Prefiminary 19.6 b (8 TeV)
§120003— { Data
<10000F —simuiated P hypothesis is > 5.5¢ for J\y A, > 6o for J/
s yp v v p
¥ 6000%—
40002_ H ] } } . FMS Preliminary
> [ o &12000(~ ’ { Data
2000( Significance = 7.66 = r
r —10000~ —Simulated PS
O%~404 406 408 a1 412 414 416 B so0ok. ‘
M(J/w B), [GeV] LG;J :
6000| -
4000?— l 1 ‘
- - 000 Significance = 6.5¢ uo?mooo_—
The 5|gn|f|cance of data O s asd s i a3 am s o
. ay mgwm - ~ 8000
incompatibility with data M . BV
is calculated using likelihood ratio method g
4000+
2000
.

Before assuming new resonances, one should exclude

another non-exotic scenarios

e b b e b B Lo amlB s
206 2.08 21 212 214 216 2.18
M@P A), [GeV]

——>
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CMS: Study of B* — Jhy A p

JHEP 12 (2019) 100

Model-independent approach: method of moments

e Introduced by BaBar [PRD 79 (2009) 112001] and then used by

LHCb [PRD 92 (2015) 112009, PRL 117 (2016) 082002];

e There are 3 known K* resonances that can decay to Ap, so these K*’s can contribute to the

2-body invariant mass distributions;

e In each M(A p) bin, the cos(0-) distribution can be expressed as an expansion in terms of

Legendre polinomials: AN !

dcosfOgx iz

f(Pjg)ﬂ(cos O+ )
0

where 6, is the helicity angle defined as the angle between A momentum and B+

momentum in the Ap rest frame;

+
v 2 7 VYA
L. g.ﬂlpf:ﬁ"‘. J/l.,‘f PR Rl J K#+ 'p‘: HK*
wi=1+ z < P/\ > P,-((‘()xﬁk.;) < p ',’-" ];+
j=1 * & .
PRt p
- - 1 P
e Forl . =2xJ, where ] is the total spin of Risonamf Mass, MeV | Natural width, MeV | ] .
the highest-spin K*, one can take K4(2085) 20959 19830 :
the nig P  ONe K3(2250)" | 2247 +£17 180 + 30 2
into account all these K* — Ap. KZ(2320)7 | 2324+ 24 150 -+ 30 3+

e From table | ., = 2x4=8.

(15)



CMS Study Of B+ N \]/\VT\ p JHEP 12 (2019) 100

Simulation reweighting according to the observed structure in Ap

S CMS 19.6 b1 (8 TeV) CMS 19.6 fo' (8 TeV)
© 10000[~ 4 Data 0 - 4 Data
= r e 21 ooo0O- |  wmm Pure phase space
e i Pure phase space 0 L Y with L -8
= 8000 —<Pj>With | =8 ~ - ;> W b
o n o] e €050, - fit
© [ e ® 8000 :
>- 6000 | " - e :‘.\ = .'-..‘- "‘GI. >_ : ........ L
: o ""u‘ 6000 __ " e,
4000 T " i ‘ TN
: 000 B T
2000:— 2000 } 3
0 - coe e oo b b e o Loy g 0 5 L e v e b e v b e e e b |
404 406 408 4.1 412 414 416 4.22 424 4.26 428 43 4.32 434
M(J/wp) [GeV] M(J/yA) [GeV]
CMS 19.6 b (8 TeV)
g’ B ¢ Data
- 10000? ===Pure phase space
A model-independent approach that accounts for the Sl l s
s

contribution from known K*’s with spins up to 4 in the ool } .....................
Ap system improves the agreement with data significantly! : l P

40001

2000} f

T I RPN SR B I
206 208 21 212 214 216 218

Compatibility with data (incompatibility < 2.8 o including syst.) M(Rp) [GeV]
eliminating the need for exotic resonances in this 3-body decay (35)
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Observation of B* -2 y(2S) ¢ K*

By reconstructing the same decay with ((25) instead of J/{ we observed a new B* decay channel

Phys. Lett. B 764 (2017) 66

The relative branching fraction, using the mode B* — y(25) K* as normalization:

[4.0 + 0.4 (stat) £ 0.6 (syst) + 0.2 (BF(B* = y(2S) K*)) | x 10°®
19.6 fb™' (8 TeV)

>

§ 60— CMS

= i

g N ) Data

® a0  — Totalfi &
g B %% Signal ?‘-
:_; L eemaes Background ,%
3 %

1 J L

0 | L | L
5.22 5.24 5.26 5.28 5.3 5.32

This is the first step towards the exploration of y(2S) ¢ system. -


http://dx.doi.org/10.1016/j.physletb.2016.11.001

Observation of Ay, =2 J/y A ¢

CMS

Phys. Lett. B 802 (2020) 135203

60 b (13 TeV)

S =286 129

60 fb" (13 TeV) CMS
%J "} Data ) % 80~ § Data
= | Fi $=380+32| 2 | —r
= 200 " Signal >9 g = 60 - ¢ signal
IS Lo Background ) I Non-¢ component
o) i S -
>
L 40_—
100 b
' ':".‘ 07 '["*l'-l
0 | ¥ ' | L C L |
54 5.6 5.8 1
M(J/WAKK™) [GeV]
CcMS 60 fb™ (13 TeV)
> E
[0} | ¢ Data
5 oo Normalization mode
<, 200[~ -~ Signal |
< P Background
(0] L
>
w

100

¢

58
M(y(2S) A) [GeV]

B(;‘Lg — \T_.-"l_fﬂtp)

The study is based on 2018 13 TeV data (60 fb~1)

= . y + c at. ) + .- Y+ 0.1 ) 0
B(AD S yaon) (826 +090 (stat) £ 0.68(syst.) £ 0.11(br.))%

This new decay provides an opportunity to further explore the

J/v ¢ and J/y A systems

(38)




Observation of B, = X(3872) ¢

Phys. Rev. Lett. 125 (2020) 152001

!é
%
\° _ _ cwms
\ 200
\ % 180F i?ﬁ“a
1 = 160 — (x(3872), )
e 140;— — - (X(3872), bkg)
B 120F --- (bkg, 9)
2 100F - (bkg, bkg)
O  80F
60F
40 }
20F
3.80 3.85
R = B(Bg — X(3872)¢) B(X(3872) — J/ypmTm™)
— B(BY > ¢(2S)¢) B(y(2S) = J/pntn)
R = (221 + 0.29 (stat) + 0.17 (syst)) %
g Bloy(2S)g  —e— 3
3 B"—>w(2S)K*® —— 7
g B'— p(2S)K° —— ]
3 B p(29)K* - — X(3872)

0 1t 2 3 4 5 6 7

ormation in
BB-wy(2S)h), 107 f

B decays is

2 -+ BYX(3872) ¢ — diﬁérent
S B%X(3872)K*°—§ f?’ om p81( Z.S) !
L —e— B"—)X(3872)K°-§

e B'X(3872)K"

= I I B T P DI P
0 2 4 6 8 10 12 14 16
B(B—X(3872) h)xB(X(3872)—=Jwa*n-), 107

Candidates/ (5 MeV/c?)

Candidates /(1 MeV/c?)

80- 3.864 < mjyppntn- < 3.880 GeV/c?

60

40l
20}
ol
53 5.35 5.4 5.45
2
ﬂljmmrﬂ K+K [G(‘V/(’ ]
60—
F 1,01 < mys - < 1.03GeV/e? LHCb

50} 5.350 < My po - < 5384 GeV/e?

-
{

Tt 2 Nt
3.85 3.86 J}Tzwm '::‘.88 lfiéov/(.z]

40

30F

3.9

140 fb" (13 TeV) CMS 140 fb" (13 TeV)
% 140F ¢ Data
 jof R
- > TOF  (x@er2), 0)
} _______ £ 100F —- (X(3872), bkg)
et 9 E --- (bkg, )
f g a0 E e (bkg, bkg) } )
(&) 60 __} -----------------------
390 395 .
m(Jyrn) [GeV] m(K'K") [GeV]
100———— —r—T —— —
[ 101 < mK_IK_ < 1.03(;0‘\»'/8 LHCh ] JHEP 02 (202 1) 024

RET (242 +0.23 4 0.07) x 1072

T T
LHCbh

2

O BY —» X(4740)nt
BY— Jpnt g
total

100

80

Yield/(15 MeV/c

60

40

20

0

[Tfrrrprrrprorrg T T
p

4.8 4.9
[raria2l

Mmx(4740) = 4741:&:6 +6 MeV/c?,

H3 £ 15 £ 11 MeV.
(39)
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3aKJIIOUCHHUC
Although designed for high-pt physics, CMS is a very good apparatus for heavy flavor physics!

e Study of By ,)* 2 B“K" and observation of By,*(5840) > B K

e Observation of two resolved states y,, ,(3P):
measurement of their masses and mass difference.

e Observation of two excited Bc+ states and measurement of Bc(2S)+ mass:
first observation of two distinct states Bc(2S)+ and Bc(2S)*+

e Observation of new excited Ab states

e Observation of new beauty strange excited baryon Zb(6100)- —Zb- n+m-

» Study of B, t* spectrum and

setting an UL on the production of X(5568)
Search for the bottomonium partner of the X(3872)

in Y(1S)w*® channel

Search for resonances decaying to Y(1S)u+u-
Study of B* > Jlw A p
Observation of B+ — y(2S) ¢ K+ and Ay, 2 Iy A ¢
Obsevration of Bs — X(3872) ¢

A\

YV V VYV

(40)



Ananu3 nanaeix BParking (2018):

IlepcriekTUBEI

Proposal to collect a generic sample of O(10') B
hadron decays designed to measure Rk and Rk+ in

CMS using data parking in 2018

Mode N2o1s fB [17] B
Generic B hadrons

BY 4.99 x10” 0.4 1.0

B* 4.99 x10° 0.4 1.0

B, 1.56 x10° 0.1 1.0

b baryons 1.56 x10” 0.1 1.0

B. 1.25 x10” | 0.001 1.0

B hadrons total | 1.25 x10 1.0 1.0

Soon realized that the sample offers significantly more broad
program with a potential to revolutionize the way we do B

physics in CMS

side Bprobe

New results from CMS are expected soon.
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Search for X(5568) in ATLAS and CMS: results

By varying selection criteria, background parameterization, fit range
and method of data description, the yield for X(5568) remains consistent with 0 —

No evidence of X(5568) at the LHC

< 0.05p L I S e ; CMS 19.7 b (8 TeV)
E ATLAS —m— Observed 95% CL limit E >, g 4 '=10MeV o I'=20MeV
0.04 (s=7 TeV. 49f" - Expected 95% CL limit — Q_X 2.5 ¢ [=30MeV + [ =40 MeV
" (s=8 TeV, 19.5 b 5 e 1 © 25 0 T'=50MeV
- _ _I —
0.03 - =2 n
| 13 A
- O 15F "
0.02f S f \
0.01 0.5
: 1 | 1 1 L 1 I 1 L 1 L I L 1 L 1
0 I S S B 5.5 5.6 5.7 5.8 5.9
550 5600 5650 5700 ARC
. [Mov] M*(Bt) [GeV]
ATLAS ~0.015 at 95% CL for pr(B?) > 10 GeV pSMS < 1.1% at 95% CL for pr(B%) > 10 GeV
Px 8 X 8

pXTEAS < 0.016 at 95% CL for pr(BY) > 15 GeV PSS < 1.0% at 95% CL for pr(B?) > 15 GeV



Search for X(5568) in ATLAS

CMS Bs Signal: 19.7 1671 (8 TeV)
~. 10000
O N, = 49277 £278 + Data
= [ u, =536654:006MeV — Fit
O 80001 o, =803+018MeV -~ Signal
? | o, =186:05MeV ---- Background
.% f =047£0.02
© 60001 pr(BY) > 10 GeV
'E L
= L
O 40001
2000
LY Wy TRy ey
5.2 5.3 5.4 5.5
MJ/gK'K") [GeV]
Factor 1.16 larger in CMS and
Comparison of 1.24 in ATLAS than LHCb

Bs statistics | . reconstructed in the same

momentum interval and for both
ATLAS and CMS more than
9 larger than DO sample.

[4h]
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PRL 120 (2018) 202005

PRL 120 (2018) 202007



- - CDF (2011) presents update analysis with
CO nfl rm atl O n Of larger dataset,(6.0fb* vs 2.7fb* Jobserving

i Y(3140)
X(4140) 2 Jvy ¢ 2 [P e @
S 8h
CDF (2009) reported < 2 22+ 8romsTa
evidence I{@?-:L.BG ) for ... ;::_ X(4140) . §
narrow peak in J/Y¢ S7F | —Jye e 4 "
mass spectrum, close to E:E 2
the kinematical threshold, £4 g7
in decays 23 O
B —Jyo K :11' - 0

077791 12 13 14 158
AM (GeVic?)

CMS, \s = 7Te\|/ L= 52fb1

- 300 T ‘ T T T T ‘ T T T T I T T T T T I_

e Peaking structure at the threshold g —+— Data -
I Global fit T

and another peak In the Am from o 250 ....... Three-bOdy PS (glObal flt)_—
B+ = ‘J/\V ¢ K+ decay N . +16 uncertainty band ]
:.\200 . — — Event-mixing (J/y, ¢, K*) ]

(after background subtraction) s Event-mixing (J/y, ¢ K' ) -

e Yield: 310+-70, M=4148.0+-2.4+-6.3 MeVZ

IWIIlIIIIlIIII|\\II|IIII

PLB 734 (2014) 261

['=28+15-11+-19 MeV, signif.>5c > ++ ]
Consistent with the Y(4140) from CDF ! b . e + # - TS .
(first significant confirmation) 50T %/,_,,,. ? + """" s
&7 .
Belle and BaBar searched for and didn’t e +:

find that signal in the same B+ decay. 11 12 1.8 14 15

Am [GeV] (10)



Study of the J/y ¢ system

Phys.Rev.Lett. 118 (2017) no.2, 022003

A L+
p=22% + LHCh

L HCb has looked at these places:

Candidates/( 10 Me V)

- No signals were observed (2012)
in a 346+-20 B+ sample;

- The measured UL implied

a 2.4sigma tension with CDF; G
- 4 resonance-like structures / 20
recently were established in the et s e, »
6D AA analysis with a 4289+-151 B+ sample R0 A0 4300004300 e A VeV

L

LR LI} LI J LELEL LB LIS LELJ
| | | | I |

Comparison of resonance parameters:

X(4140) Yield Mass, MeV Width, MeV X(4274) Yields Mass, MeV Width, MeV
CMS 310+70 4148.0+24+6.3 38+30-15+16 CMS 418 £+170 4313.8+5.3+7.3 38+30-15*16
LHCb 4146.5+4.5+4.6-2.8 83+21+21-14 LHCb 4273.3+8.3+17.2-3.6 56.2+10.9+8.4-11.1

Several interpretations for the X(4140) have been proposed: Ds+*Ds-* molecule, cscs
tetraquark, threshold kinematic effect, hybrid charmonium, weak transition with Ds+Ds-
rescattering.

Recently, the DO Collaboration has published the first evidence — It’s interesting to perform
for the prompt production of the X(4140) PRL 115 (2015) 232001 the same search at LHC (11)




Mass scan for X, = Y(1S) n*n e o

In analogy with the X(3872), expected

© — - T 1 - - - r - T T 1 T T T 1 - : FPEY £ :
E 1 - signal significance > 5 o if
© \"4
a e W VA Y cms\’"{;\e Xp(Br x cross-section)>6.5% of the
——_——— E S — 3s..]  corresponding product for Y(2S) = Y(1S) n*r
0 L=207fb" sc.= | (Rvalue)
0 sa._ 4 Local p-values calculated using asymptotic
10° - — approach and combining results of fits to the
. e ... 60 | -
o0 Observed T barrel and endcap regions.
— s Expected for R=6.56% 4
10'12 “—"T”T"T"T"‘T”T"’.""F”T"T"T"T'"T"’"I’"I""F”T"”?QT”—' S t t' t 1 t' H I t d
10 102 104 106 108 1 Systematic uncertainties implemented as
My, [GeVl nuisance parameters.
E CMS | " 7 T+ 1o Expected The smallest local p-value
£ 13; = [1+20Expected — |s 0.004 at 10.46 GeV,
PO o —— 6580 :‘)":‘;"e"::::pe"‘ed corresponding to a stat. signif. of 2.6 o,
5 | 1 which is reduced to 0.8 ¢ when LEE is
i taken into account.
2% T No significant excess is observed.
95% CL UL on the
1% — —

L | | | | | I I | N R Val’ieS from 09% tO 540/0
10 101 10.2 103 104 10.5 106 10.7 10.8 109 11

M, [GeV]




