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BaS|CS — QCD analogues of the H atom

_ > Each energy level is a particle
Quarkonia: %
bound states of heavy quark-antiquark pairs, 2 Y(6S) _
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An important goal for CMS:
10.5 -

Cross section and polarization measurements
of S and P states in high-energy pp collisions

Extremely challenging measurements ! 104

Especially the polarizations of the . and y, states,
which will provide very effective tests of QCD

Upsilons are easy to detect via dimuon decays; Yis)
the v, states are very challenging: 957 19
difficult to detect low energy photons 1
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Previous knowledge to give the context
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LHC reports discovery of its first new
particle

By Jonathan Amos
Science correspondent, BBC News

The Large Hadron Collider (LHC) on the
Franco-Swiss border has made its first clear
observation of a new particle since opening
in 2009.

Itis called Chi_b (3P) and will help scientists
understand better the forces that hold matter
together.

- s &
The as-yet unpublished discovery is reported

on the Arxiv pre-print server. The LHC has been built to investigate the

fundamental building blocks of nature
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Behind the headlines
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CMS potential

CMS: Y — utu decays

CMS: . — Jhp + y decays
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Charming achievements
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The JAhp cross section has been measured

over a large p; range and in several rapidity bins,

inclusive J/y — u*u’, corrected for acceptance
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before and after separating the prompt and

non-prompt components

The dimuon acceptance strongly depends on

the assumed polarization

Default assumption = unpolarized production

JHEPOZ (2012) ;7

Inclusive = prompt + non-prompt



Charming achievements

Two-dimensional fit of invariant mass and
“pseudo-proper” decay length resolves the
prompt, non-prompt and background

components T
Lgy -myy by 65/)}1
l‘]/ / p—rt y— —————
° pr ‘PV SV

Above p; ~ 20 GeV, more than half of the
JAp and Y(2S) mesons are from B decays

—_
Q
ES

T IIIIIIIL

(I:MS - \/§I= 7 TeV I
L =37 pb"’
—+— data
— total fit
prompt
non-prompt
background

1 IIIIIIIr

-
o
w

T llllllll

Events / (0.03 mm)

8<p, <9 GeVlc
lyl < 0.9

e
o
)

T IIlIIlII

10

T lllllll
1 IIIIII|

y

<}
o
o

JHEPOZ (2012) ;7

(2]
c 4
§ 0.7-] CMS:JHEP 02 (2012) 011 N
S 1 LHCb: EPJ C71 (2011) 1645 B J/w l
£ ]
Q 0.6—_ i
§ :
0.5 \s=7TeV
7™ -
S 0.4 ' CMS 314 nb”
S §
‘g 0.3 d@ = 12<lyl<1.6
£ 1 x o 1.6<lyl<24
0.2] LHCb 52pb®" CMS 36.7pb*
" d; m + 20<y<25 + 0.0<lyl<0.9
] {* o + 25<y<30  + 09<lyl<1.2
0.1 k8ae - 30<y<35 o 1.2<lyl<16
ik
: » 35<y<4.0
0: + 40<y<45 e 21<lyl<2.4
L L L L E ) FLL L S
0 10 20 30 40 50 60 Govid
pT
§ 1[=0.0<lyl<1.2 w
S 06 ] +16<lyl<2.4
g {|LHCb 36 pb™’ 'l'
& 05][*20<y<45 *
> ]
5 1 N\s=7TeV .].H' {
0.4 .|.
5 o) iy
© ] + : ‘
£ 03
] Y i i ﬁ CMS: JHEP 02 (2012) 011
027 Lt ¥l LHCb: arXiv:1204.1258
] #%% CDF: PRD 80 (2009) 031103 (R)
0.1
] ~»-CDF Iyl <0.6 Vs =1.96 TeV
04— L L I L L L L J L
0 5 10 15 20 25 30 35

P, (v) [GeV/c]

compilations by H.K. Wohri



Beautiful achievements
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Heavier states have harder p; distributions
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change with p; and are particularly large at high p;

Y (1S) production is relatively flat in rapidity
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Theory meets data

Good agreement between
the measured cross sections
and the theory calculations,
for the five S-wave states

Extreme polarization
scenarios change results
by around 20-30 %
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Surfing the P waves

Production of . mesons studied via
¥, —* JP + y radiative decays, with
tracker-seeded y conversions to e*e”

Dimuon sample, L = 4.6 fb-"
Collected with a JAp trigger

Conversions reconstructed for R > 1.5 cm
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Backgrounds from B and =¥ decays

To study . prompt production, we minimize To minimize the photon background from mt®
feed-down from B decays by rejecting the decays, we reject photons that, combined with
displaced dimuons other photons in the event, give the n° mass
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Mass resolution vs. detection efficiency

Excellent mass resolution (~6 MeV) provided The photons emitted in . decays have
by the photon conversions comes together around 1% probability to convert in the
with a low identification efficiency pixel layers and be reconstructed

In the ., / X1 cross-section ratio,

dimuon |y <1.0; pr(y) > 0.5 GeV this efficiency cancels almost completely
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The results...

The %,/ %., cross-section ratio has been measured vs. p;

Up to much higher p; and with smaller uncertainties than previous measurements

Systematic uncertainties dominated by fit to mass distribution

17

To compare with theory calculations, much care is needed regarding the polarizations
(which can change the results by up to around +25%)
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Perspectives: quarkonium polarization

Multidimensional analysis:
rapidity, p;, dimuon mass, lifetime, cos 0, ¢
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Very interesting but also very challenging measurement; needs to be made with extreme care



Wrap up

CMS has a fantastic potential for high-quality quarkonium measurements

Several S-wave cross section measurements have been made with 2010 data
The %,/ x.1 cross-section ratio has been measured with 2011 data

The menu will “soon” be complemented with:
<> more studies of P-wave states: x_ and y, (cross-section ratios, etc)
<> polarizations of S-wave states: Jhp, P(2S), Y(1S), Y(2S), Y(3S)

Long-term perspectives (aka dreams) include polarizations of P-wave states ©
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Backup: CMS vs. LHCb and CDF

xcz/ %, Cross-section ratio
by CMS, LHCb and CDF,
for different rapidity windows
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