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Excellent performances of the machine
running smoothly @ 7 TeV since 2010

Instantaneous luminosity already

reached 8.4 x 10* cm™s™

Current records:

768 proton bunches circulating,
with 1.7 -10" protons/bunch;

time spacing 50 ns

2011 Luminosity Production
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ATLAS: 259 pbA-1
ALICE:0.8 pb*-1
CMS: 263 pbA-1

[ ] LHCb: 95 pb*-1
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General-purpose [E5E

47 pb™ delivered to CMS by the end of
the 2010 pp run;

In 2011, ~250 pb™ up to mid of May;
Overall CMS data taking efficiency > 90%;



The CMS Collaboration

3170 Physicist and engeneers, 169 institutes from 39 countries

e Highly redundant muon

SILICON TRACKEER
C M S DeteCtO ¥ it oM dhamnes system, triggering and

Microstrips (80-180um)

~200m° ~9.6M channels recording muons with
p;>1-3 GeV and |n| <2.4

~76k scintillating PoWO, crystals
» Tracking efficiency > 99%
for central muons

Silicon strips

~16m? ~137k channels 4 T SD|Er‘|Did + rElurﬁ )I"Dk'e

! Si pixels, strips
~13000 tonnes = o/ B Cr'fl]-l-:'- 1 .5}{1[}’4')1— + 0.005

PbWO4 crystals
o/E = 3%/E + 0.003

Niobium-titanium coil BFEISS+S{3iI1ti||E|[Dr (? A+ {:.Eltﬂher}

PR W g . o/E = 100%/E + 0.05 GeV
v Steel + quartz fibres -~ A0 D D
) HADRON CALORIMETER (HCAL) ~2k chanmels alpr=1% @ 50GeVto 10% @ 1TeV
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS (DT ICSC+Tracke r].
8vera|l diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
verall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
Magpnetic field 38T LT+HLT (L2 + L3)

All silicon inner tracker allowing good resolution on p, and impact parameter measurements

B-hadron reconstruction mainly exploits:
* Muon detectors, for muon ID in semi-leptonic decays;
« Silicon Tracker detector, for b-tagging, lifetime measurements and inv. mass reconstruction. 3



HF Physics: topics and reasons of interest (I)

Open beauty Production

A testing bed for QCD;
calculations scale up to a new energy regime

e NLO contributions essential at LHC;

© High energy scale makes perturbation
calculations safe;

© |Large uncertainties from factorization
and renormalization scales.

b physics

e \/ery active research field, either
experimentally and theoretically;

e Allows testing the CP and Flavour violation;

e Interesting challenge with B-factories in some topics.

b-jets

e Enclosing most of the radiation emitted by the
b-quark - reliable messenger of the original parton,
allowing purely perturbative predictions;

e High performance of tracking capabilities required,
exploiting full detector potentialities;

e Measurements complementary to b-hadrons;
e Crucial role in many new physics studies.

Flavor Excitation b
g

s> ¢ b

Gluon Splitting b
g

Many results from CMS:

e J/y and Y production
* Inclusive b production,
bb angular correlations
- Exclusive B, B®, B_ production



Quarkonia Physics op — 381 [1l+c

Strong test for:

¢ non-relativistic QCD (NRQCD);
¢ models calculation methods describing the long-distance
interaction and the bound state formation.

pp — 38:lll+gg

Jhy 'troubles'

Production mechanisms:
e to be fully understood yet 1-loop diagrams
e role for higher order vs color-octet contributions unclear

Polarization issues

@ Predictions of some models for the J/y’s polarization
at large p_not confirmed by HERA/Tevatron data;

© Apparent inconsistencies among experiments.

NLO Singlet contributions

e Interesting to analyse the Y polarization behaviour; "009053“"‘”(\;;)* +

@ Possibility to cross-check some measurements
with b-jets (e.g. non-prompt J/y for bb cross sect.)

op
“NNLO” Singlet contributions

P, Bellan FPCP2011 5
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» Reconstructing J/y decaying in tWo MUONS 98725 5558 s 51 53 53 84 5  S6 57 58 555"

ut winvariant mass (GeV/c?) The fl invariant mass (GeV/c?)
« Cross section determined in p; and y intervals o
03500 :—cms \Ns=7TeV Lipe = 314 nb™! —:
« Muon momentum corrected for scale distortion i E
through a fit on the invariant mass peak shape 0 D
~2000— - E
* Yields corrected for acceptance and efficiency: e E
" 1000E

Acceptance calculated from MC,; it depends on the so0E e
assumed polarization scenario: T T R R i 55
u* u invariant mass (GeV/c?)

e isotropic (unpolrized);
« extreme values of A; (= £1) in the helicity frame

(along the J/y momentum);
« extreme values of A, (= £1) in the Collins-Soper

frame (along the collision axis);

Efficiency determined from data
with the Tag & Probe method

BN B

Main systematic uncertainties:
@ kinematical distributions (< 3%)

@ b-hadron fraction (< 3.1%)
P. Bellan FPCP2011



http://www.springerlink.com/content/v287172w5w507051/
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CMS - \s=7TeV

E\ CMS-L’E:?TeL" ’g :
- é 1025— —:j?!::nb E g : —tjz::nb

JIy prompt and non = e 15 T

prompt components A S s T S H WS

105- =
Triggered with di-muon ;  Total yiels ~12000 ev _ | | F 1 | E
Fraction of Jly from b-hadron estimated '} 1-22 <|yl<1.6 : / 1.6 < vl < 24

by fitting the proper decay length [ 25PSd2. . n N F  /]|65<p<10 -
together with di-muon mass spectrum ) 108008

Prompt: o, " Bri/y— pw) = (70.9 £ 2.1 (stat) £ 3.0 (sys) 7.8 (lumi)) nb

(assuming unpolarized production)

Non-prompt: G pobXo X Br(J/\|IIb — W) = ((26.0 £ 1.4 (stat) + 1.6 (syst) £ 2.9 (lumi)) nb

Jhy and b-hadron pairs events simulated with PYTHIA, final-state bremsstr. implemented with PHOTOS;
b-hadrons decaying inclusively into J/w simulated with EvtGen package

In good agreement with measurements from ATLAS and LHCDb

Different polarizations shift results as much as 20%

SYSTEMATICS:
e Primary vertex estimation e Residual misalignments in the tracker
e Decay length resolution function e b-hadron lifetime model
e Background fit e Different prompt and non-prompt efficiencies

P. Bellan FPCP2011 7



Comparison with models
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Prompt measurements including a significant contribution

from feed-down decays ( ~30% )
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Y production

Submitted to Phys. Rev. D

Y family reconstructed in di-muon final state;
1,2 and 3S states all evident above background

Mass resolution ~70 MeV for [n] < 1.0
yields extracted simultaneously with a maximum
likelihood fits in p; and y intervals

Double differential cross sections vs p, and y

a(pp—Y(15)X)
a(pp—Y(25)X) -
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CDF public note 9966

Y(1S) o 5 3 ;
Fu”y transverse and fu”y = mm— 18 e ED_E_E[_E_ILT!IIH_E}ELE_._Q_'EH_1______

longitudinal MC generated 0.8 fully transverse
and subjected to detector

acceptance and efficiency g ;_
effects to form templates; 0.4 =
MC iteratively re-weighted to e o
h dat distributions. = -+—
match data p. distributions 0.0 ?%
Events selected using a 0.2 -
mass fit, backgrounds 04 -
from mass side-bands. F
0.6 = o
Polarization parameter determined _og |- .
matching a polarization-weighted -‘I-E}-E Y(1S) Inclusive fully longitudi _al
combination of templates to data ' 10 20 30 40
p; [GeV/c]

NRQCD predicts a transverse polarization at high p, whereas
Y found to be unpolarized at low p,. before exhibiting marked polarization at high p.!

Consistent with CDF Run | [PRL 88, 161802 (02)], disagreement with DO run Il [PRL 101, 182004 (08)]

P. Bellan FPCP2011 10


http://www-cdf.fnal.gov/physics/new/bottom/090903.blessed-Upsilon1S-polarization/cdf9966_ups_1s_pol_public.pdf

1e+08

1e+07 ¢
1e+06 ¢

100000 +

H, at Tevatron, lyli ——
H, at LHC7, Iyl ——

LHC 7
o(lyl<2 = 150 b) |

JHEP 1103 (2011) 090 )

000 L Tevatron

» Use semi-leptonic decays to separate o(l[<! =24 pib)

b-jets from udscg jets 1000

- Triggering on muon (p; > 3 GeV) and =
require p; > 6 GeV, |n|< 2.1 offline

100 | | | | | | | |
5 10 15 20 25 30 35 40 45 A0
n; (GeV)

. . _ —~ N L L B B R NN B

. Jets clustered with anti-k; (R=0.5) from (.UDJ 14F . T oS dom -
tracks with p_ > 300 MeV o N Fit i
o 12 — | g |- b ]

* Muon from b decays discriminated with the & o N CO o+ llght ]
distance from jet axis, on average larger g 10 .- Vs=7 TeV .
than light quarks > 8 - L=85 nb"' §
- p-rel templates from MC (data) for b and ¢ - .
: . . . . 6H - -

fjlﬁzg)’ with signal validated in b-enriched : b fraction -
41 from fit ~46%

» Background templates combined in fit 2-{; -
O:_i T o §

1 2 3 4 5 6

rel
P. Bellan FPCP2011 muon pJ_ [GeV]



JHEP 1103 (2011) 090
Measured visible cross section: muon p. > 6 GeV, |n| < 2.1;

O(pp =b X=p X) = (1.32 + 0.01(stat.) + 0.30(syst.) + 0.15 (fumi.) ) ub
o} =(0.95_, "“*(scale) £ 0.09(m,) £ 0.05(pdf) ) Wb; o} =19 b

MC@NLO PYTHIA

uncertainty dominated by signal and background p, rel shapes

= ey e 1200
- [ = ] CMSda . - .

C% L | " WcenLo (CTEG6M, m =475 GeV) | = o ﬁ"g% dala o m <475 covt| ]
e 108k | -——-—— MC@NLO total uncertainty — > 1000'_ { > M= v) _
— :q_ﬁ- PYTHIA {'.EEL 1, CTEQEL1} E *I_ | | T MC@NLO total unnertalntyr |

— F | . £ | | —=—— PYTHIA (MSEL 1, CTEQ6L1) ]
'.;_<|_ - — _:_ :‘::; :T:: muon [n | < 2.1 i T BOO:_ \s=7 Te\j muon p_>6 Ge‘d’_:
o 1 -1025— — . _E >l<|_ i L=85 nb ]

T T e I 1 2 600f -

< 1 i i
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T = . = Elfg 400~ [y g ey L S B .
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muon p_ [GeV]
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|dentification of b jets performed through the Secondary Vertex tagging

e Significantly extends the measurement in pT;
tagging efficiency 50-60% for jet p, = 100 GeV, with ~0.1% contamination

e Jets from anti-k . algorithm using tracks and calorimeter information

@ Displaced vertices selected with > 3 tracks to identify b events
e Uncertainties dominated by b-tag efficiency and jet energy scale

. 108 CMS preliminary, .6.0|nb1 N s=7TeV CMS preliminary, 60 nb’ \s =7 TeV
= <e . @ [ ““MC@NLO ]
> 1o ly| < 0.5 (x125) Y Pyﬁa Anti-k, R=0.5 PF_
Q 6 R ° 0.5<lyl<1(x25) = L[] Exp. uncertaint -
Q9 107 . e B i P- Y i
o : & e, = 1< |y| < 1.5 (x5) a i (centered on ansatz) ]
— 105 .. o 1.5< |Y| < 2 Q
o, B N N, = : '[
g B A 3 o i
2 103 SO 2 0 | J
O NG R TN 0 -
o 102 u-.,ﬁ:t::‘_“-i;ﬁ_\:; N o
E. 10 Dn*"::j‘?;‘:\f_‘h‘. 0.05¢ i
4 N -
1E —MC@NLO TN 0.05[ ]
10 [ exp. uncertainty : I ' Z
- Anti-k; R=0.5 PF = ]
10 i 1 i Lol i I | I I 0 ) I L I I Lo | L
20 3040 100 200 20 30 40 50 100 200
b-jet P, (GeV) P, (GeV)
P. Bellan FPCP2011

13



BE corre I atio ns JHEP 1103 (2011) 136

Use secondary vertex to study correlations between two B hadrons
probed for the first time the region at small angular separation:

require exactly two secondary vertices, with =23 tracks, 3D flight length=5 ¢
calculate AR = V(A@2+An2) of directions from primary vertex to each secondary

Measured momentum corrected through the 'true' B hadron momentum form MC
Results shown in different ranges for the leading jet p;

both B's in |n|<2.0, p;>15 GeV

CMS vs=7TeV,L=3.1pb" CMS ys=7TeV,L=3.1pb’
Flavour Creation E :_I!II_: | T T Ipl |:I..I1I5IGE;‘;I ;T]I I";Izlol | TTTT | T TTT | TTTT TT IE % _II T T | IL‘IrIrFl“.IAlI TT | T TTT | TTT Il.l III)IatlaliFl,::“I}l&IBIéel‘Jl}l II__
expected to n-:_ms__ Wi <3.0 1 B b e O Data(p>84Gev)
dominate at high 1:1: —— % 1 e .f Cascade o Data(s">120GeV) 1
AR : _i_‘_i_‘_i_i—i— 1 e 3__ pe 8 > 15 GeV, [n®] < 2.0 Normalisation region -
.o 104 = E |1~|J‘“|-=30
gluon splitting =8 H;n—r'ZH = e : fi 5 \\\ ==
contributes more i - = 4 0 %
10° = = aF
at low AR. : ._§_|—§—|l_§_:—§—| - : i \\ \
Data normalized 102k " o (py” 256 GeV) <4 =+ 1 e %@m
. . EoO ata {pT >84 GeV) =2 3 a— \§
to MC In hlgh AR - e Data (P2 >120 GeV) 7 3+ \
region. 10 I Py D [ S “ e
EI 111 | L1111 | 111 | 111 | L1111 | 111 | L1111 | L1 11 | | I§ ;:I l_|"-|_'|_|_r"|_|_'_|-':__|_!|_r_|-l-l—lp_l | &l _‘il-_\ \—\-‘ ‘\
0 05 1 1.5 2 25 3 35 4 0 05 1 15 2 25 3 35 4
: : , AR . AR
The differential cross section shows that a sizeable fraction of the BB pairs

is produced with small opening angles.
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http://www.springerlink.com/content/973044328847026g/

High bb cross section at the
LHC already allows for
measurements with early data

Reconstruct B hadrons in
exclusive final states:

B'- JI\|I K*
B~ JyK(-7'w)
B.~ Jy ®(~KK)

Always J - u'w
Triggering on di-muon from J/y

B° and B results obtained over the

whole 2010 statistics (39.6 pb™)

Small branching fractions (2 — 6 x 107,
including product branching fractions)

CMS Preliminary,Ns=7 TeV

Spring 2011

value £ stat. + syst. + lum. error
(integrated luminosity)

pp— B X 28.3+24+20 +1.1ub
P;>5 GeV, |y|<2.4 (6pb7)

912+47 ev

pp— B X 332+25+31+13pub
P:>5 GeV, |y|<2.2 (40 pb'T}

809+39 ev

pp— B, X = Jly ¢ X 6.9+06+05 +0.3nb

8<P,<50 GeV, |y|<2.4 (x1000) (40 pb”")
549+32 ev
Theory: MC@NLO
CTEQEM PDF, |.l={m:+p$]m, m, =4.75 GeV
|
50

B-Meson Production Cross Section [ub]

Combined fit to the B meson mass and lifetime to reject the background
Measurement of cross sections differentially in p;. and n performed

P. Bellan

FPCP2011
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PRL 106, 112001 (2011)

pT (BY) > 5 GeV
Iy(BY)| < 2.4

2D maximum likelihood fit to the B" mass and lifetime
used to separate signal from background
Backgrounds from prompt J/y and
mis-reconstructed b-hadron

Most fit shapes derived directly from data;
Peaking background and signal B mass from MC

Total yield =912 £ 47

Efficiency of candidate reconstruction (1.5 - 33%)
determined from data-driven techniques and MC

Olpp =B'X) = (28.1 + 2.4(stat.) + 2.0(syst.) + 3.1 (fumi) ) ub

-— +9.2 . -

Ovceno = 25‘5-5.7 Wb Ocvrria = 48.1 ub
3 "°F oMs\s=7Tev 1
Fitsinbinsof B"sp, 2 = L =58 pb" ]
: . BF (3.5%) and Lumi (11%) uncertainties not shown:
and y to measure B* ¢ | = ]
differential cross > £ T ]
section -, A — :
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- E PYTHIA (MSEL 1, CTEQBLT) e =
N MC@NLO (CTEQ6M, m_= 4.75 GeV)  m— —
-E ------- MC@NLO total uncertainty -
10°E ?M\SD?M. Anlln
P. $6[[an . L 15_{]'-?CQ32011 253+ P, [GeVSiU

w
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N
8
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)

2

1002 43
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0:1 | P TS L PR el Lo |.:

5 5.1 5.2 5.3 5.4 5.5
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—_ o T BN T L UL L [ [
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R 10°E L =5.8 pb" =
=} = 3
S o .
S10E E
g 025 ]
g1 R E
w c .
10 = E|
1} \

3

CmMs

————r
Ns=7TeV
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ct>100 um

III|LIII|IIII|IIIIIIIJ-

v v el b Paaler Baaaa b 1 A T
005 01 015 02 025 03 035 04

ct [cm]

= F , —————— =

= r CMS \s = 7 TeV .
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8 L BF (3.5%) and Lumi (11%) uncertainties not shown _]
CO" ]

A 8 I ]
= or —— y
6 -
om - _

T [ .

A e =
%‘ - PYTHIA (MSEL 1, CTEQ6L1) ~  *=========" I -

:g 2 B MC@NLO (CTEQEM, mh =a75Gev) ...:

L MC@NLO total uncertainty .
: CMS Data :
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do/dp_(pp — BX; ly®l<2.2) (ub/GeV)

10

_ = UL LN DL DL
pT(B°) > 5 GeV > 1200[ CMS\s=7TeV
0 0 - L = 40 pb™ ]
ly(B°)| < 2.2 Q10001 .
o - ]
Submitted to Phys.Rev.Lett. S soof ]
~ B T e RO O o]
@ =t e - - - e = =3 o T T
o(pp - B°’X) = (33.2 £ 2.5 (stat.) £ 3.5 (syst.)) ub 5 °%°F g
= *96 ub; = 2 400f T pMSdata
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200 N + peaking B ]
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Resolutions: - (@) rean .
v by by by by by by sy
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X., and x_, seen in CMS in decay to J/y y

high resolution needed (Am = ~45 MeV );
CMS resolution very good (~11 MeV);
photon conversion rather challenging.

A, observed in the decay channel Jhy A
Yield and lifetime measured with early 2011 data

X(3872) status observed in the decay channel J/y '

in 40 pb™ with a significance of 5.3
Measured ratio of the cross section wrt Y(2S):

R = 0.087 £ 0.017(stat) £ 0.009(syst)
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@ VVery successful B physics results with 2010 data

@ More B physics papers from CMS than
from other LHC experiments combined

e Heavy flavor production measurements performed with
a wide variety of techniques

e \Wealth of new data going to be used to refine
theoretical models and improve MC simulation

@ Many more interesting results to come
(among others, efforts put on rare decays as

B, - uu, K'up and CP-violation in B, »J/y @, ...)

Thanks for your attention!

P, Bellan FPCP2011 20
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Topic

J/V production

Y production

B+ Production

Inclusive b-hadron production
BB(bar) Angular Correlat. with SV
BO d Production

arXiv

1011.4193
1012.5545
1101.0131
1101.3512
1102.3194
1104.2892

Article

Eur.Phys.]. C71 (2011) 1575
Accepted by PRD

PRL 106:112001,2011

JHEP 1103 (2011) 090

JHEP 1103 (2011) 136
Submitted to PRL

Luminosity (pb™)

0.314

3

5.8
85

3.1
40



BB correlation and Secondary Vertices [RENE% \

None of the predictions describes the data very
well, that lie between the MadGraph and Pythia

MC@NLO do not describe the shape of the AR, in
particular @ small values.

/Seconda ry Vertex
with its Tracks

Secondary Vertex

Cascade predictions significantly below the data in rimary vermk
all regions, both in the AR and A¢ distributions.
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Higly non-trivial measurements

Sizable uncertainties from both th. and exp. ‘

K4

MEMO: standard jet definitions for flavoured jets
are infrared-unsafe: soft gluons splitting into a
ggbar pair can change the flavour of the jet

Main ingredients of
the measurements

e Number of tagged jets Ntagged

e b-tagging efficiency f.: fit from MC,
data/MC scale with muon pTrel

e b-tag purity e,: fit from MC, data/MC scale

from SV mass templates

@ Theoretical Uncertainties @ Experimental Uncertainties
(~ in order of importance): (~ in order of importance):
+ PDF Uncertainty \ + Jet Energy Scale (JES)
+ pQCD (Scale) Uncertainty + Noise Treatment
+ Non-perturbative Corrections + Pile-Up Treatment
+ PDF Parameterization + Luminosity
+ Knowledge of a (M,) + Jet Energy Resolution (JER)

+ Trigger Efficiencies

& e

+ Resolution in Rapidity

Recall: Jet Algorithms used by CMS: * Resolution in Azimuth
~ |terative Cone R =0.5 + Non-Collision Background
+SISCone R=05,0.7
+k.D=04,06 + s

Master formula:

2
d Ob—jets (pT: y) B Ntagged (pT 3 y) fbcsmear
dprdy EbAPTA?Jﬁffjet

Other corrections:
> Unfolding correction C . need jet energy

smear”
resolutions, ansatz fit

> b-jet JEC: same as inclusive jets (Pythia predicts
residual difference <~1%)



Most of jet analyses use particle-
flow techniques to define the jet
and anti-kT algorithm with DR<0.5

* Typical scale uncertainty for EWK
measurements < 3%;

 Typical jet resolution 10-15%

s =7 TeV

= Total uncert.
—Total MPF

particle flow jets —~Photon scale
- EXxtrapolation

Anti-kT 0.5&0.7 . Offset (+1PU)
- Residuals

CMS preliminary, 2.9 pb"
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Good tracker performance and alignment
— good b-tagging capabilities

Different algorithms:

* Track counting (above some impact
parameter significance threshold)
* Secondary vertex tagging (decay
length significance)

* Combined
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*In CMS, charged particles get well separated due to the huge tracker volume
and the high magnetic field (3.8 T)

* CMS has an excellent tracking resolution, able to go to down to very low
momenta (~few hundred MeV)

* CMS has also an excellent electromagnetic calorimeter with good granularity
 [In multijet events, only 10% of energy corresponds to neutral (stable) hadrons

Big improvement in energy resolution and tau
identification using particle-flow techniques



number of events [ 1 GeV

L
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1

« Muon resolution dominated by inner
tracking for up to p_~200 GeV. Typical

p, resolution 1-2%

 Muon chambers: redundant trigger and

coverage, muon identification

» Good identification capabilities: muons
reconstructed both in inner tracker and

muon spectrometer

CMS preliminary
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« Excellent energy resolution thanks to the
precise PbWO, crystal calorimeter.

- Typical E_resolution for EWK studies: 1%

«Good charge assignment and track
matching, fitting techniques taking into
account bremsstrahlung emissions

e |[dentification based on shower shape
variables, tracking matching and HAD/EM.
ratio (good agreement with the simulations)



L= N1N2fnb[p1(x.y]pg(x.y)dxdy

Interaction
region

N-| Ngfﬂb Bunch 1 Bunch 2

= TEE— -
L i 2
Agff N
Aeﬁ — 2ﬂJxU}.r

- Intensities N, , measured by LHC beam current transformers

- Shape and size of the interaction region, A_, measured via Van der Meer

scans: relative variations or rate as a function of the transverse separation
between beams

e Rates measured in CMS using fraction of zero counts of HF and vertexing

Systematic Error (%) _
Effective Area Determination 2.7 Uncertainty: 4%
Beam Intensity 2.9 Luminosity correction wrt
Sample Dependence 0.7 initial estimates: -0.7%
Total 4.0




FONLL (Fixed Order plus Next-to-Leading Logarithms)

( M.Cacciari, M. Greco, S. Frixione, P. Nason) http://home.cern.ch/cacciari/FONLL

FONLL is a code for calculating double-differential, single inclusive heavy quark
production cross sections in pp(bar) and (electro)photoproduction.

it merges the massive NLO calculation with the NLL resummation

of terms of collinear origin, aSlog(pT/m), which become large when pT >>m
Two advantages of an FONLL-like framework:

1- the perturbative uncertainty does not increase when pT >>m

2- non-perturbative input describing the quark-to-meson hadronization can be extracted from e+e-
data and included in predictions for hadronic collisions in a self-consistent way

Colour Evaporation Model (CEM)

based on the ’local hadron parton duality approach’, Improved by including next to leading order
processes. It predicts the J/Psi prod Xsec from that of the cc pair.

It assumes that color can be "bleached” (evaporate) by multiple soft gluon interactions,

implying a statistical treatment of color

(Because color is the source of hadrons, only the c.o. states yield asymptotically hadronic states)

CEM does not explain how the formation of the J/Psi proceeds. It assumes that the open cc pair
transforms with a certain probability into a bound cc pair by soft gluon interactions.

Cascade

It incorporates off-shell ME for photon-gluon fusion @LO

with co, based on KT fact.

Initial state parton shower generated accordingly to the CCFM equation
j/psi produced in the CSM unintegrated gluon PDFs

Hadronizat. With Lund string model
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