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CMS & LHC

CMS Total Integrated Luminosity, 2011, p-p, s = 7 TeV CMS Integrated Luminosity, pp, 2012, .5 = 8 TeV
Data included from 2011-03-13 17:09:15 to 2011-10-30 16:09:54 UTC

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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LHC yields large amounts of data at the world’s highest collision energy

Discovery of the Higgs boson, confirming & completing the Standard Model

Opportunities to search for new phenomena, i.e., exotic hadrons
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. Introduction

. Observation of peaking structures in the J/Pp¢ mass
Spectrum

. Search for a new state X, decaying to Y(15)rt' T

. X(3872) production cross section

. Summary



CMS Detector

Key: Muon
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Charged Hadron (e.g.Pion)
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CMS Detector Performance

LHC 2011 RUN (3.5 TeV/beam)

T
—e— ATLAS 5.626 fb™!
—A— CMS 5.714 fb™!
—<— LHCb 1.217 fb™!
—0o— ALICE 4.877 pb™!
pga PRELIMINARY

Excellent muon/silicon detectors:
 Muon system
— High-purity muon identification
— Good dimuon mass resolution (Am/m~0.6% for J/W)
« Silicon Tracking detector
— excellent track momentum resolution (Ap+ /p—~1%)
— excellent vertex reconstruction and resolution g ol .
Mar Apr May Jun  Jal Aug Sep  oct

Month in 2011

(generate d 2011-12-01 19:35 including fill 2267)

Delivered integrated luminosity (fb™")

trigger paths
Jhy |y

LHC luminosity & CMS trigger:
« (Collect data at increasing instantaneous luminosity
* Triggers are essential ingredients

— Special triggers for different analyses

— Combination of dimuon vertex, minimum dimuon
transverse momentum, and displaced dimuon vertex

2011 Run, L=1.1 fb"
CMS Vs=7TeV

I low p_double muon
high P, double muon

Events per 10 MeV
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Observation of peaks in the J/(p¢ mass spectrum in B decays

~ 10 CDF Run Il Preliminary L=6.0 fb™
%, 9 B CDF-PUBLIC-NOTE 10244
- New X/Y/Z states pose a challenge to the = j_ |
conventional quark model. The origin of these % &}
states is not understood. @ o
gl
- CDF reported evidence for a structure Y(4140) g 2[7] [\l i Hc‘ju"‘ounE g
with mass 4143.4+29.30+1.2(ysy MeV and © oM o S &
width 15.3t19%.6 14 2.5(syst) MeV . M K'K)-m(uw) GeV/c®
. . . . %’ 8-_ ;vft:l/wq,x’ ArXivi1208.5087 —
. If confirmed, candidate for an exotic meson Fol (@) L -
- LHCb did not confirm the existence of § a- __ J‘ W
Y(4140) and put an upper limit on its ° 2 lu|]"|_“ |
production > =t _
= gl |
¥ . ® :
- An independent check by CMS g / MI, ]
ét‘j ,..-nlxl’[j]u %
O ?[; |
1%00 1100 y l

1200 1300 1400
M(J/po)-M(J/p) [MeV]
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Observation of peaks in the J/\WW¢ mass spectrum in B decays

Candidates / 1 MeV
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Negligible non-¢ components.

Candidates / 5 MaV

CMS. fs=7TeV.L=52¢"

2000 1.008 <m(K'K ) < 1,035 GeV
1800 -+ : Am < 1.568 GaV
1600 ¢ Data
: w—Flt

1400 “es, « » - Background
1200 " Mge _
10002011 dataset, 5.2 fb! | ¢
B0O0 ot
s00F-2480 £ 160 B* events
400
200

0 2 2 a2 l AN EE AR I AT AR AT e AT T N

515 52 525 53 .35 54 545

miJiyK'K K') [GeV)

Largest B*=»J/PppK+ sample to date.



Observation of peaks in the J/\WW¢ mass spectrum in B decays

Investigating the Am = m(utpK*K) - m(u*u) o aoCMS, s=7TeV.L=b2f0"

) N ¢+— Data
= _Ff Global fi -
. exclude Am >1.568 GeV region to avoid bkg §25°§_ | o T“’i‘i’?‘?ﬁﬁczﬁéﬁﬁbgéﬂf}é
from Bs—=(2S)d— J/Prtrrd decays 2o o — Eﬁ%ﬁmiﬂﬂg U oK)
o = 1% 1 FYTRE wimimn D | —
< 150 ;. + o =
Am spectrum obtained by: opf Y + J[ ‘H’ _____ -
. dividing the dataset in 20MeV Am bins P . . T
i :
. extracting the number of B signal in each Am f—————————
bin by fitting the J/P$K spectrum oM Gev
| arXiv:1309.6920,
Yield Mass (MeV) r (MeV) PLB 734 (2014) 261

310 + 70 4148.0 £ 2.4(stat) = 6.3(syst) 28*"°_4¢(stat) + 19(syst)
418 + 170 4313.8 £ 5.3(stat) £ 7.3(syst  38+30_y5(stat) + 16(syst)

CMS confirmed Y(4140) with a significance >5 standard deviations, and
saw evidence for a second structure in the same mass spectrum

Later DO also confirmed Y(4140) with a significance of 3o 8



Crosscheck with cleaner B*— J/\p¢$K sample

oo CMS, fs=7TeV, L= 52fo

- ' VVVVVVVVVVVVV '

>
4] 101? -cf“n‘( L)< O?ﬁ
Additional requirements: = o0 t R
- n ¢
. kaon pr > 1.5 GeV g —_
g 260 ‘ « = Background
- B* vertex CL > 10% 5 2o 4
- B* vertex detachment: >7o from beamspot " + 5 4 .
o 100 - BREEL P
- M(K+K-) within 7 MeV of ¢ mass - -
CMS\S 7Tev L s fb1 !-?15; i .bl?. i .L.;b. P .1:13. P .J 1.1‘; P .‘?14. iz : -

100 | ——— m{JAyK K K') IGeV]

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

80}

of ] Solid structures appear in the clean B sample.

N(B')/e , per 20 MeV

40
: 140% of the default B signal, 10 x less

20} | background

P PR R T PR AT TN TR (NN ST SRR ST TR AT SR ST SR S S S
1.1 1.2 13 1.4 1.5
m(u wWK'K)-m(uw) [GeV] 9



Further investigation of the whole Am region

The Am spectrum after subtracting B, The extension of the Am spectrum, after
contribution but including non-B events, subtracting non-B background, to the full
within 1.50 (0 = 9.3MeV) of the B mass. phase space.

CMS, (s=7TeV,L=521fb" CMS, |S=7TeV, L=5.2 fb"
> 600 B ] . > 300 _I | | | | | | | | | | | | | | | | | | | | | I I L
g - B mass signal region Q - —4— Data 5
o 500 mg-1.50 < m(J/p$K) < mg+1.50 = os0l —é— Data minus Bg =
N - N - —— Global fit ]
8 N = N A Three-body PS _
2400~ m 200 — - Three-body PS ]
O - — - . -
5 - = - extrapolation .
g 300 150— + -
O n - N
200 100— + + ‘I’+ —
T T
L > _
ok 0 : %f
_I | | | | | | | | | | | | | = | | | | | | | | | | | | | | | | | }
1.1 1 1.3 1.4 1.5 1.6 1.7
The events in the cutoff region are consistenth\atTphase space. Am [GeV]

The absence of strong activity in the high- A m region reinforces our conclusion that the
near-threshold narrow structure is not due to a reflection of other resonances.
Demands an explanation 10
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Search for new bottomonium state decaying to Y(1S)mt*1t

. Exotic resonance X(3872) discovered in the final state J/ritmr

- A bottomonium counterpart Xo may exist and decays into Y(1S)rtrr

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

- Similar to X(3872), narrow width and sizable branching ratio into Y(1S)rt

. Look for a peak in the Y(1S)(utu )ttt invariant mass spectrum

ox, X BR(X, - Y(18)nt7n™)
oy(2s) X BR(Y (2S) - Y(1S)n+n—)

- kinematic region: p{ Y(1S)m*m) > 13.5 GeV and |y(Y(1S)r*17)| < 2.0

- Measure r = as a function of X, mass—[10,11] GeV

11



2012 dataset ~20 fb

Xp candidate reconstruction

- Xp candidates reconstructed by associating the Y(1S) to 2 pion tracks

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

E 90002_ Y(ZS) Y(SS) CMS Prellmmaryd
. Expected significance > 50 if X, BR * cross- % ook * * T
section > 6.56% of the corresponding Y(2S) = £ sonof P> 135GV
Y(1S)r'rt value (analogous to X(3872) = J/umm, © soo0t
see CMS results in JHEP 04 (2013) 154) 3000
2000 |
10002
%98 10 102 104 106 108 11
My (15) [GEV]
- Separate “barrel” and “endcaps” events t0 3 s T T ven " ove rremmany
exploit better mass resolution and lower 3 4000 R
background in the barrel region §30005 P> A5GV
2ooof
. No structure apart from Y(2S) and Y(3S) 000}

1 L L I L L 1 I ' 1 L l L 1 1 l 1 ' L l I L 1 l — |
%.8 10 10.2 10.4 10.6 10.8 11



Xp search: mass scan

- Explore 10.06-10.31 and 10.40-10.99 GeV mass regions

- Shift Xp expected mass in 10 MeV intervals and evaluate signal significance

- Xp signal modeled with a Gaussian function

. Fix signal width to value from the simulation (3.8 to 16.4 MeV)

. background parametrized with a 3" order polynomial

. for each mass point, evaluate

' Nobs ‘

Assumptions:
= same production mechanism for Y(2S) and Xo

B =| X | €Y (25) = both produced unpolarized
NyBs) €x, . same dipion mass distribution for Xo and Y(2S)
observed yields of Xp overall efficiencies estimated

and Y(2S) candidates from simulation

13



Upper limiton R

Local p-values calculated using asymptotic approach and combining results

of fits to the barrel and endcap regions

Systematic uncertainties implemented as nuisance parameters

first upper limits on X, PLB 727 (2013) 57
production at a hadron collider
T T : T T ! o .
CMS - = 10 Expected = 1 | V V
10% [~ s =8 TeV —J=20Expected a [ W VU \/\f \IZIDL
ax [ 10 CMS a B
o : ~ s =8 TeV -
i 10" L =207 b’ 4o
4% | i -
10" | S50
10°%
an [T 6o
10" |- —— Observ T —————— e
- Expected for R=6.56%  _ =
1% | . 1072 eeeqenncaans T T Ta.
] ] | | ] l ' : A
10 101 102 10.3 104 105 10.6 107 108 109 11 10 B b 108 108 G v"
My [GeV] My, [GeVE

No significant excess is observed

95% CL upper limit on the cross-sections*branching fractions ratio: 0.9 - 5.4 %
14



X(3872) cross section

- The X(3872) was discovered in 2003 by Belle
CMS JHEP 04 (2013) 154

. Later it was confirmed by CDF, DO, Balbar
W(2S), X(3872)

. Its nature is uncertain=»exotic candidate x10° / I
% 100k n v | CMS \s=7TeV -
- — L=48fb" —
. Previous analyses prefer JFe=1++ or 2-+ = 1 109R %06V | g 1
- i yl<1.2 — total fit
% 80 : 2.%%'; round -
. CMS measurement assumed 1+ 5 ‘ g nE
2 oo | }
@® - %
. LHCb measured its JPC as 1+, PRL 110, © 40~ k NG
222001 (2013) " /j Con my R 16Vl ]
. It is produced both promptly and from B decays |
2 | |

at LHC A N
m(J/y ') [GeV]

. CMS measures both prompt and non-prompt cross
section

15



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11011
arXiv:1302.3968 [hep-ex], JHEP 04 (2013) 154

X(3872) cross section

o 0127

- R=X(3872)/p(2S) cross section ratio ol o 3
C ly| < 1.2 ]
0.1~ =
« X(3872) and P(2S) are assumed unpolarized 0.00F E
o o 0.08" : -
. Variation up to 90% due to polarization 0_07_.? + E
- Non-prompt fraction (B decays) 0.06 + E
0.05" -
- Separated based on L, 0.04 it st
pT(J/\u ' ) [GeV]
X (3872 S oof T ous L7 Tev
ZX(3872) — L:cy( ). M X (3872) 5 055 |I;l|=<4i32fb
Y pPr S 0.4F .
™~ -
S I
< 0.3 l
- Non-prompt events (l,,>100 pm) 2 + <]—
9 0.2_— + —
- Contribution from prompt <0.1% § 01 -
q;) 210 30 a0 T

- Cross-checked by 2D fit to the mass and |, 02 Gen
T 16



X(3872) cross section

- Prompt cross section compared to NRQCD

- NRQCD: Artoisenet and Braaten, Phys Rev . Compared to simulations with and w/o
D81 114018, normalized to Tevatron data and  intermediate p° in the J/U Tt decay
modified by the authors for CMS phase space

-
AN

IIII]IIIIIIIIIIIIIIIIIIIIIIll

prompt
dGy 3872
o
N
|
-
N
I I I
P—(—;—)—‘

Leid

~ l| L L LA DL DL DL B I rrrrrTrrTrT I LI DR DL DL | ‘TH | | _
% 1 NN\ CMS \s=7TeV = S [ *Data ) Gev CMS Vs=7TeV -
0] AN L=4281b" ] Q4oL <125 L=2.11b" -
B |y| <12 | 9 [ e Simulation: X(3872) — J/y 1’7 (non-resonant) ]
cC 5 i B - — Simulation: X(3872) — J/ -
— "\ —LONRQCD e 10F e e =
aa - i “ 2\ ~~LO NRQCD uncertainty 7 S . i
o) 1 0-1 - @) 8 — ]
- ©

cHE A o f ]
~ ~ 6 e — _
— ML e R _

2t | -

§ b L
_ll‘l‘l‘lllllllll‘lllll‘l.l‘lllll‘l‘l‘l‘_ O_ o e e e " g
10 15 pZ&/Wn@f.) [Gevi‘io 05 055 0.6 065 0.7 0.75 0.8
T m(n'n’) [GeV]

NRQCD predictions significantly exceed | | O |
the measured value, while p; dependence ~ 1he Intermediate p° decay gives
better agreement with data

s reasonably well described 47



Summary

¢ Thanks to the excellent performance of LHC and CMS
e mportant measurements of exotic quarkonia made by CMS

e Demonstrated CMS can/will play important role in exotic states
studies

Stay tuned!

All CMS B-Physics results are available at
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

18
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CMS. {s=7TeV,L-52fb"
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ok + 1 o 120F =
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The Am spectrums for datasetA (left, dimuon pT>7 GeV),
datasetB(right, dimuon pT>7 GeV and each muon pT>4 GeV)
with corresponding relative efficiency curves
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CMS, Vs=7TeV,L=5.21b
> 400_—'. LA L I L L L [ L L L L L L L B L B B T T 1 1 4—_
s . _F ¢ Data .
350— . I
= —— Phase Space simulation -
~ 300f + E
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200F- : . =
~ | - | | .
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