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The big picture in a nutshell
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Quarkonium spectra & Feed-down considerations

Y (2S)
s Grat? )
22 e Giny  _hap o1
hadrons \ Y -7 / hadrons
1 -
xm(%rons x0 ~
hadrohs hadrons - -

N, Y / ,/’/ ’
l j!@ @ Charmonium
n(1S) Z://

hadrons hadrons y# radiative
JPC _ o-+ =@ @ 0++ 1++ 1+- 2++
--------------------------------------------------------------------- T
g directly produced | e directly produced ’
& &#@$1&D$*' #H@S18DSH!
Lb@+931&#(Q

Lb@+931&H(Q!

Prompt contribution d!J"12%*!$1&30%E&#!e!%+91D&#"0D!C21

3@3&)H!

<!



fl

Quarkonium spectra & Feed-down considerations
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CMS: excellent performance in quarkonium reconstruction
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CMS: S-wave cross sections and P-wave ratios
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LHC: Quarkonium cross sections
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CMS: Quarkonium polarization analyses
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CMS: Quarkonium polarization analyses

{ PRL 1710 r2013) 081802 /

1091P&#'0D$&'91"X9E&#(1912!D29(0123!C1&D!*+2! | = ot — -
9#80'01!32%95!3"(*1"40E&H#(!"#!3"DO&#!32%95(! s I L=Q
E’_ 40— L=4.9fb"
72!D29(012!*+2!C0"!9#80'91!3"(*1"40E&#!9#3!12$&1*!*+z’§! i o <08
xyRKZ!9#3! 1I$&'91"XOE&#!1$919D2*21(IL"#!Z!C19D2(Q!| 3 30i . 06<lyl<i2
C&INS2!.I(*9*2(RIGIBH3!"#!(2S219mi 19#82(N! _ !
72!1C01*+21!D29(012!*+2!C19D2@"#S91"9#*1$919D2*21! |
20—
]+2!10#321'5"#8b&#E#00D!49%P81&0MHAZ2D&S23! ILZ.Q
O("#8!I*+2!"#S91"9#*ID9((13"(*1"40E&#G!! 10
OH3I*+24&H@$1&DEHH L DEH" #8!*+2132%95!'2#8*+!
o .
Dimuon mass [GeV]
%‘4;103 cms g ;103 cms f : Us CcMS
z r Jhp pp  Vs=7TeV w12~ YP(29) ‘ PP \E_=17Tev % - 18 <p, <20 GeV Ep_4;@f:_17TeV
20 18<p <20 Gev L=4o’ € [ 18<p <22GeV | L=ast O yl<06 o
%10; Iyl <0.6 — Signal+background it 1; lyl <0.6 — Signal+background B — Sum
: S o oaf S L Rt
\‘;EEWOS Mo e 3|\./?€[’GQV3]I3 0 Pseuéﬁproperlifztatime [mm]




CMS: Quarkonium polarization analyses [ s -
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LHC: Quarkonium polarization results
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LHC: Quarkonium polarization results

HX frame
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LHC: Quarkonium polarization results
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LHC: Quarkonium polarization results
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LHC: Quarkonium polarization results
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The NRQCD factorization approach

A[lLJI"(19#12/2%E S21\2'31*+2& 151*+9*I CO%*&TOM2 P&#" OB 1&30% E &#!"#1%)&! (2$(|!
~0$18&30%E&H#&C!*+2!"#"E9' | SHETPELBO" 1$21*0149EF Q!
'Q +931&# " XIEIRE *+2!TO91 PSR!I 480#FDI1 PE&H" O 9* AL #&HR1*0149EF Q!

Zaqq (O%(n))|  TdEeGyf ik a=Ry

109#*0D!#0D421(!&C!*+214+29S5!T091P!$9"1!
RIORIM!d!I($"#R!&14"*9'19BZIUD&D2#*0D

$&(("4 5to/ored'qq'$9"l”
oflany possible 7 @)

quantum numbers! \33%"

WB.HUBIINISTIHTBTE -

2) non-perturbative!2S&'0E&#! = %
' v / *&l*+2l&4(21323l4&0#3|(*9*2l
1) perturbative!$+9(2 Quantum numbers change!

Al J1$123"%6*(I*+212W" (*2#% 2H&C1D23"9*21%& ' & 1@ &Y6*2* 1L, » CHHP*PL 2R *+9*1(04(2 T02#+'512S&'S 2!
"#&I$+5("%9'1%& & 1@ ("#8'2*IL,.QIT09 HR&HAMATF0149ES212D" (("&#!&C!(& 1810&H(



The NRQCD factorization approach
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CMS data vs. NLO NRQCD: JAy .
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CMS data vs. NLO NRQCD: Y(nS)
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LHC data vs. NLO NRQCD: y(2S) + Y(3S)
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LHC data vs. NLO NRQCD: y(2S) + Y(3S)
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Summary and outlook
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CMS: Results on P-wave charmonia
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CMS: Results on P-wave bottomonia
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