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CMS is well suited for quarkonium studies

Large silicon tracker STEEL RETURN YOKE

12,500 tonnes SILICON TRACKERS

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 um) ~200m* ~9.6M channels

Strong magnetic field

Broad acceptance

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

/

I’l

PRESHOWER
Silicon strips ~16m? ~137,000 channels

-~

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Dedicated trigger strategy

e Trigger requiring two muons
e Possible to collect a large number of events up to high transverse momentum, pr

e High signal/background ratio
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Dedicated trigger strategy

e Trigger requiring two muons coming from the same vertex
e Possible to collect a large number of events up to high transverse momentum, pr

e High signal/background ratio
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Dedicated trigger strategy

e Trigger requiring two muons coming from the same vertex
e Possible to collect a large number of events up to high transverse momentum, pr

e High signal/background ratio
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High pr coverage

PRL 114 (2015) 191802
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Excellent dimuon mass resolution

PRL 114 (2015) 191802
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Excellent decay length resolution

PRL 114 (2015) 191802
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Excellent y mass resolution

e Detection via radiative decays using converted photons

e ¢*e tracking provides mass resolution needed to resolve
the y states

e Photons have ~1% probability to convert and be
reconstructed in the silicon tracker
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Timeline

3p
b .
4 ; ; ; ; . Run | Long shutdown | Run li
2010 2011 2012 2013 2014 2015
I[s = 7TeV 7 TeV 8 TeV s UPgradﬁ“ X 13 TeV
o y » p muon chamber 3 i
Line = 37 pb 5 b 20 fb improved track reconstruction 2-3 b
# signal events cold operation of tracker (expected
Iy 47M for 2015)
Y(2S) 317k # signal events —
Y(1S) 413k xb1(1P) 1.9k
Y(2S) 152k xo2(1P) 1k
Y(3S) 111k
xc1(1P) 8k
x2(1P) 3.5k
X(3872) 10.5k

High luminosity of run | compensates for higher energy in run |l so far
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Run I: S-wave quarkonia

S-wave quarkonia are experimentally easily accessible through dimuon decay

Cross sections and polarizations of all five S-wave quarkonium states measured
as function of pr and rapidity, |y|

Cross sections with early run Il data coming soon

PRL 114 (2015) 191802
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Run I: S-wave quarkonia

PLB 727 (2013) 381

Cross sections with early run Il data coming soon

S-wave quarkonia are experimentally easily accessible through dimuon decay

Cross sections and polarizations of all five S-wave quarkonium states measured
as function of pr and rapidity, |y|

PRL 110 (2013) 081802
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Y(nS) polarization vs charged particle multiplicity Nch

e First step towards testing the universality (process independence) of LDMEs
= Extend measurement to pPb and PbPb collisions

e Nch = sum of “high purity” tracks with pr > 500 MeV weighted by likelihood
that track belongs to primary vertex, excluding the two muons

CMS-HIN-15-003
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Frame-dependent results in the HX frame

Polarization does not change significantly as function of Ncn

. CMS preliminary y(1s)
- HX frame

1o 10<p_<15 GeV

[ 15<pT<35 GeV

"~ CMS-HIN-15-003
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Frame-independent results

e Good agreement in the 3 reference frames

e No hints of systematic problems

CMS-HIN-15-003
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Run I: P-wave quarkonia

e Detection through radiative decays using converted photons

Xc = Jypy
xo(1P) = Y(15)y

EPJC 72 (2012) 2251
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Run I: P-wave quarkonia

e Detection through radiative decays using converted photons

Xc = Iy

xo(1P) = Y(15)y

e Conversion probability times reconstruction efficiency is at the 1% level
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Run I: P-wave quarkonia

e Photon reconstruction efficiency associated with a
large systematic uncertainty that cancels in ratio
measurements

= CMS currently limited to measurements of ratios of
cross sections of prompt yc2(1P)/x<1(1P) and

xb2(1P)/ xb1(1P)

EPJC 72 (2012) 2251 PLB 743 (2015) 383
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Run I: Exotic quarkonia

e Prompt X(3872) cross section:
- Ratio of inclusive cross section times branching fraction of X(3872) and (25)

- Fraction of X(3872) originating from B decays
e Search for Xp in Y(1S)mmw spectrum

e Y(4140): One of two peaking structures in B* = J/¢y + ¢ + K* spectrum
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Run Il: Exotic quarkonia

J/prx spectrum
38 pb™' (13 TeV)
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Run I: Higgs to J/a + photon

e Measured in the context of H — y*y — [ly with 19.7 fb'! at /s = 8 TeV
e Trigger requires a muon and a photon, both with pr > 22 GeV
e Isolated leading muon with prt > 23 GeV, subleading muon with pt > 4 GeV

e pr(py) and pr(y) > 40 GeV optimized for background rejection

e |N(KI <2.4, n(y)l < 1.44, arXiv:1507.03031 19.7 1™ (8 TeV)
2.9 <m(pp) < 3.3 GeV % 12:"(:'“',"3"""""""' """" """"":
Q) i e Data i
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f0r120<mppy<1306ev % i +10 +2 0 i
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<1.5x103at 95% CL - 2
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115 < myuy < 135 GeV and set oo oe | | o KERAN 7
same upper limit 217 ® ~ ||o][e } Tt
i o 6 |4
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Future prospects:
Plenty of possibilities and dreams ...
... but restricted by manpower limitations and reality

24 September 2015 Ilse Kratschmer (HEPHY Vienna)
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Future prospects: S-wave quarkonia

e Cross section measurements with 2015 data at /s = 13 TeV coming soon

e Extend polarization measurements as function of Nch to pPb and PbPb collisions
to test universality of the LDMEs

e Extend pT reach of existing cross section and polarization analyses
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Future prospects: P-wave quarkonia

e Absolute cross sections and feed-down fractions

e Experimental challenge: determining photon efficiencies using B*—J/y + K* and
Bt = xc1 + Kt—=J/y + y + K*

i EPJC 74 (2014) 3092
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Future prospects: P-wave quarkonia

e ycand yb(1P) polarizations:

- Measurement through the angular distributions of J/1 and Y(15S) decaying into two muons
(P. Faccioli, et al. PRD 83 (2011) 096001)

- Help to constrain LDMEs
- Crucial to understand polarization of S-wave quarkonium states

Talk given by Hee Sok Chung, QWG, Nov. 2014
1.0 ——m—mmm—m—m—m—m——m——m—— T

[ LHC (/s =7 TeV) PRELIMINARY ]
0.5 |

05 _ W J/v¢ from X1, LP+NLO, |y| < 1.2

| J/1¢ from x.2, LP+NLO, |y| < 1.2 _
A A S A R
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

- Cross section is about 50 fb/GeV at pr(Yy) = 20 GeV for /s =7 TeV, |y| < 0.5,
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

Direct back-to-back Onium + vy at sqrt(s)=14 TeV

onium
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

- Cross section is about 50 fb/GeV at pr(Yy) = 20 GeV for /s =7 TeV, |y| < 0.5,
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

- CMS collected 20.7 fb' at /s = 8 TeV

- Dimuon trigger in Y mass window with pt(py) > 7 GeV

Direct back-to-back Onium + vy at sqrt(s)=14 TeV

onium
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

Cross section is about 50 fb/GeV at pt(Yy) = 20 GeV for /s =7 TeV, |y]| < 0.5,
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

CMS collected 20.7 fb' at /s = 8 TeV

Dimuon trigger in Y mass window with JINST 10 (2015) P0810 8 TeV
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

Cross section is about 50 fb/GeV at pt(Yy) = 20 GeV for /s =7 TeV, |y]| < 0.5,
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

CMS collected 20.7 fb' at /s = 8 TeV

Dimuon trigger in Y mass window with EPJC 72 (2012) 2251
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

- Cross section is about 50 fb/GeV at pr(Yy) = 20 GeV for /s =7 TeV, |y| < 0.5
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

- CMS collected 20.7 fb' at /s = 8 TeV

- Dimuon trigger in Y mass window with

JINST 10 (2015) P0810 8 TeV
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Future prospects: Associated quarkonium production

e Quarkonium in association with a jet, Z/W boson, photon ...

e Isolated photon back to back with Y

- Cross section is about 50 fb/GeV at pr(Yy) = 20 GeV for /s =7 TeV, |y| < 0.5,
|cosFcs| < 0.45, pr(Y) > 7 GeV, pr(y) > 7 GeV
(W. J. den Dunnen, et al. PRL 112 (2014) 212001)

- CMS collected 20.7 fb' at /s = 8 TeV

- Dimuon trigger in Y mass window with
pr(py) > 7 GeV

- Conversion probability for |n(y)| < 1 varies
between 20 and 40%

- Photons have ~1% probability to convert and
be reconstructed in the silicon tracker

- Reconstruction efficiency for non converted
loose photons (ECAL) is above 90% for
pt(Y) > 20 GeV

= About 700 events expected to be seen in the
CMS detector
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Future prospects: Exotic quarkonia

e Search for new structures and resonances

- Y(nS) or Y(nS) plus one or two w’s
= Xc(=J/p+y)+m
- double J/y and Y(1S) spectrum
e Study the nature of structures in the
- J/9 + ¢ spectrum (B* = J/¢p + d + K+, BO = J/y + b + K%)
- P(nS) + ;wspectrum (B® = y(nS) + K* + )

24 September 2015 Ilse Kratschmer (HEPHY Vienna)

23



Conclusions

CMS
e is well suited for quarkonium physics ¢
e has done many interesting, high impact measurements in the past
e has the capability to do many interesting analyses with quarkonia
e Wwill continue to do high quality research in quarkonium physics
b
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